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ABSTRACT 


The successful application of holography to the study of 
three dimensional flow fields due to phase objects has been 
reported in the literature. The present report extends Tes 
technique to the study of density fields around opaque bodies 
as would rormally be encountered in wind tunnel experiments. 
The density field around a10 degree half-angle cone at zero 
and ten degree angle of attack has been investigated in the 
Naval Postgraduate School supersonic Wind tunnel. 7 these 
experiments, the finite fringe method for the production of 
interferograms has, for the first time, been applied to 
holographic interferometry. The density field obtained from 
the reduction of the interferograms was found to agree with 
that obtained from an analytical solution of the governing 
equations as reported by D. J. Jones in Reference 1. The 
computer program used for the reduction of the interferograms 
has been evaluated for the effect of the presence of the cone 
and the shock wave and has been found to yield stable and 


accurate results. 
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I. INTRODUCTION 


For over three decades, the Mach-Zehnder interferometer 
has been widely used and has come to be accepted as a stan- 
dard tool for the measurement of tke flow field around 
bodies. Until the advent of the laser, its use required 
extreme stability from vibrations and precision optical 
components. Even with a laser as a light source, che 
resulting interferograms are purely two-dimensional in 
nature in that they provide fringe information Pope one one 
direction of view through the wind tunnel. Furthermore, 
due to the limit imposed by existing camera shutter speeds, 
the interZerogram obtained does not truly represent the 
instantaneous flow field around the body but rather is an 
average over the interval of shutter opening. 

The advent of holography together with the development 
of the high power Q-switched laser has introduced a new 
dimension in the field of flow measurement. Apart from 
removing the need for precision optical quality components 
in the case of double exposed holograms, the use ont elei lol x= 
raphy has, for the first time, enabled a three-dimensional 
view of the flow field to be obtained from a single hologram. 
The high power of the laser and the Q-switch mechanism have 
together enabled film exposure times in the region of 20 
nano-seconds to be attained thus, in effect, "freezing" the 


flow during the hologram production process. 





Techniques for the application of holography Lo inver= 
ferometry have been reported in Reference 1 (Hefflinger 
et al, 1966) and in Reference @ (Brooks et al, 1966). 
Holographic interferometry has been used to determine the 
three-dimensional asymmetric field produced by free-jet flow 
(Reference 3). In this report, a series of holograms placed 
in a 90 degree sector around the jet were obtained simul- 
taneously from a single exposure. Interferograms were then 
obtained from the holograms at suitable angular orientations 
within a 90 degree field of view. This provided Surfic ene 
information to determine the entire flow field Coane jet 
was planar symmetric. Reduction of the fringe data roe 
sity information was accomplished by expressing the density 
in a series of orthogonal polynomials and inverting the 
fringe-density integral equation by 4 computer program using 
a scheme reported in References Hand 5. 

In the present report, the applicability of holography 
interferometry has been extended to those three-dimensional 
G@ensicy tields produced by opaque podies as would be 
encountered in wind tunnel experiments. The experiments 
were conducted in the Naval Postgraduate School supersonic 
pblowdown wind tunnel at a4 Mach number of 2.8 using a ven 
degree half-angle cone at zero and ten degrees angle of 
attack. In this case, the multiple hologram technique was 
not employed. Since the flow fields investigated were steady, 
the procedure adopted was to obtain holograms to cover Sao 


ious sectors of the flow field by rotating the cone within 





the wind tunnel, this being a method that would be fully 
applicable to any conventional wind tunnel setup. 

Whereas in an infinite fringe field, the fringe infor- 
mation is obtained ina discontinucus manner, that is, at 
the points of maxima and minima, the interferogram from a 
finite fringe field can be evaluated at any desired point 
quite readily. Tats 1s or particu-ar significance in the 
case of density fields where the variations in density are 
small. In the present case, the total variation in fringe 
number was generally in the region of only one to two 
fringes. The finite fringe method was also De oted since 
it is less sensitive to vibrations than is the imtini ce 
fringe field, a problem encountered in Reference 3. The 
finite fringe field was produced by 4 translation of the 
diffusing screen in the scene beam a distance of between 
Q025" and 0030" between the two exposures of the hologram. 

A vertical fringe field, obtained by horizontal translation 
of the diffuser, was chosen in spite of the greater effort 
required to reduce the interferograms at a particular section 
owing to the greater uniformity and clarity of the fringes 
thus obtained as compared to horizontal fringes. Fringe 

data obtained from the interferograms was reduced to density 
using the same computer program as used in Reference 3. The 
density field obtained experimentally was compared with the 
analytical solution reported in Reference 6, interpolating 
the results therein for the actual mach number of the experi- 


ments. Good correlation was achieved, thus demonstrating 





mae utility of holographic interferometry for normal wind 


tunnel experimentation. 





II. EXPERIMENTAL APPARATUS 


A. THE WIND TUNNEL 

This investigation was conducted in the Naval Postgraduate 
School blow-down supersonic wind tunnel. The wind tunnel is 
a blowdown-to-atmosphere facility which has a test section 
4 inches by 4 inches in cross-section and 6 inches in length. 
Interchangeable nozzles are availatle for producing nominal 
test section mach numbers of 4.0, 2.8, and 1.7. The nominal 
run time is 5 minutes at a mach number of 20 with a maximum 
stagnation pressure of about 105 pounds per square aera lhlee 
For this series of experiments, the side walls of the wind 
tunnel were replaced by plexiglas walls two inches tiaace 
having a refractive index of 1.49 so that a complete view of 


the flow in the test section could be obtained. 


B. THE EXPERIMENTAL SETUP FOR PRESSURE MEASUREMENT 

Figure 1 is a schematic representation of the equipment 
arrangement used for pressure measurement. The static 
pressures on 16 out of a total of 30 orifices on the surface 
of the cone were measured by a Scanivalve (Model 4834-1065 
with a 0-10 psia. transducer) which was calibrated in inches 
of mercury vacuum. The measurements were recorded on a 
Honeywell 2106 twelve channel Viscicorder. The scanivalve 
was capable of scanning 15 ports per second. Photographs of 
the experimental setup are provided in Figures 2 and 3. The 


plexiglas side walls of the wind tunnel with the Seanivalve 





mounted on top of the test section are shown in Figure 2. 
The power supply, control box and Viscicorder can be seen in 


Fieure 3. 


C. THE HOLOGRAPHIC ARRANGEMENT 

A schematic of the holographic arrangement employed is 
shown in Figure 4 and photographs thereof are in Figures 
5(a) and 5(b). The equipment was mounted on a table that 
rested on a portion of the floor that was Vipratvionally 
isolated from the rest of the building. The monochromatic 
light source used was a Korad K-1 ,ulsed ruby laser. operating 
at a wavelength of 6943 Angstroms together with a Pockels 
cell Q-switching device. The resulting effective exposure 
time was Bpout 20 nanoseconds and, with a cavity length of 
the laser of 37 cms., a coherence length of abouu ce sCIls. 
was obtained. A side band geometry was employed to obtain 
the holograms of the flow field around the cone. A diffuse 
glass in the path of the scene beam was used to produce 
light field holograms, which because of the Gdirrusieon of 
the direction of the rays in the scene beam, preduced an 
effective field of view in a hologram of approximately 16 
degrees. A continuous wave helium-neon laser was used for 
alignment of the Q-switched laser and the optics. A Lauda 
constant temperature circulator Model N controlled by an 
electronic relay type R-10 was used in conjunction with a 
Culligan de-ionizer to maintain the laser head and output 


etalon at a constant temperature of 28.4 degrees Centigrade. 
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In Figure 4, details of the side band geometry employed 
ean be seen. The reference beam was led on top of the wind 
tunnel by means of the two mirrors M and the size of the 
beam could be adjusted by means of lenses U. The positions 
of the diffuser plate and the two grids, one on each of the 
wind tunnel side walls, are also shown therein.) ln figuce 
5(a), the Korad K-1 laser and the smaller alignment laser 
are shown together with the arrangement of the optical 
equipment. The diffuser plate mounted on the precision X-Y 
slide can also be seen. The holographic table and test sec- 
tion was completely enclosed in a wooden box to Banoite the 
experiments to be conducted in the daytime. This is shown 
in Figure 5(b). Also shown therein are the Korad K-1 laser 
power supply and shutter control assemblies, the (Cablil ab abjesten al 
de-ionizer and the Lauda constant temperature circulator. 

In order to be able to view the cone at angle of attack 
always in a direction perpendicular to its axis when it was 
rotated in the wind tunnel, it was necessary tor conserucy 
separate grids for each rotational angle at which the holo- 
grams were taken. The front grid used for the 82.5 degree 
rotational position of the cone is shown in position in 
Figure 6. The grid lines can be seen to be parallel and 
perpendicular to the cone axis for this barvicular angular 
poswtron, ~The orientation of the grids was designed to be 
at the correct angle for the bantucu lar rotational position 
of the cone. Since, on rotation, the axis of the.cone was 


not in a vertical plane, it was necessary to offset the two 


afl 





grids with respect to each other in such a manner that on 
lining up the grids, the correct viewing position perpendic- 
ular to the cone axis was automatically obtained. The 
method of obtaining the orientations and the relative offset 
of the grids is shown in Figures meamandat (bj. since the 
cone spindle was bent at a distance of 0.7 inches from the 
base of the cone, the various rotational positions of the 
cone tip are indicated in the end view in Figure 7(a). The 
corresponding positions of the cone axis in the side and 
bottom views are also shown therein. The orientation of 

the grid lines for each rotational position of Be ae as 
shown in Figure 7(b) were obtained from the positions of 
the cone axis in the side view for each particular case. ia 
order to be normal to the cone axis, Lines perpendicular to 
the orientation of the cone axis in the bottom view were 
transcribed, each of these representing a line of sight. 
Since the distance between the grids was 7 7/6. imches, ctvhe 
necessary amount by which the two grids were required to 

be offset for each rotational position of the cone tip were 


obtained as shown in Figure 7(b). 


D. THE WIND TUNNEL MODEL 

The cone model used is shown in Figure Sinem losdes rec 
semi-apex angle cone model was fabricated out of stainless 
steel and had pressure ports at three cross-sections, the 
angular position of the ports being so arranged as to lie on 


a ray from the apex of the cone. Since a fixed mount was 
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employed, provision was made to attach the cone to spindles 
bent to various angles to achieve the desired angle of attack. 
Stainless steel tubing of .036 inches internal diameter was 
used from the static pressure orifices on the surface of the 
cone up to the base of the model, the diameter of this being 
adequate to provide sufficient time response of the Seani- 
valve. Any fifteen out of the thirty ports could be connec- 
ted at a time tothe Scanivalve through the hollow cone 
spindle and mount, this restriction being imposed by the 
internal diameter of the Sieeenie ee. 

Rotation of the model about the horizontal poe che 
spindle necessitated drilling 4 holes on each side of the 
wind tunnel side walls through which the model spindle could 
be unlocked from the mount and rotated. The plexiglas side 
walls of the test section and the holes therein can be seen 
in Figure 6. The collar on the model spindle containing 
radial holes (also visible in the figure) was used to 
rotate the cone by means of a spike arrangement inserted 
through one of the holes in the tunnel side walls. The 
angle of rotation was established by lining up graduations 
on the spindle sleeve with a graduation on the Moune cn one 
model and spindle used for the axisymmetric case can be seen 
in Figure 9. The pressure ports at the three stations and 
one of the pressure tubes from the cone passing through the 
hollow spindle are visible in the photograph. After the 
spindle was serewed into the cone, it was locked in position 


by means of the setscrew shown. 
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III. THEORETICAL CONSIDERATIONS 


A. EVALUATION OF THE DENSITY FROM HOLOGRAPHIC INTERFEROGRAMS 

1. The Basic Equation of Interferometry 

The interferometry principie is bacedwon the face 

that two originally coherent rays of Bight will reiniorce or 
annul each other at a screen on which both rays are pro- 
jected depending on their relative phase there. The phase 
difference is directly a function of the difference in the 
lengths of the optical paths traversed by the two ae Ig 
the optical path is changed by an amount NA, where A is the 
wavelength of the light and N is an integer, then the order 
of interference changes by an amount N, that is, a shift of 
fetringes occurs. The change in optical path can be related 
to the density through the index of refraction and the 
Gladstone-Dale constant. If the speed of light in a medium 
is represented by ~2. where Co is the speed of light in 
vacuum and n is the index of refraction, the additional time 
required to traverse the test section due to a change ici 
index of refraction from ny to n, can be calculated to be 
equal to At = =(n5- n,) and thus the change in optical path 
obtained is cbt Ghat si; L(n5-n,)- The fringe shift, &;, 
which is equal to os is thus given by L(nj-n,)- 

For a given substance and for 2 ni eh wavelength of light, 
the index of refraction is a function of density... In the 


case of gases, since the speed of light varies only slightly 
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from that in vacuum, it can be represented very accurately 


by the first two terms of the Taylor series: 


nme | t+ Pf (1) 
ee 
where 
p, = reference density at CC. yooemm. He. 
8 = dimensionless constant reiated to the Gladstone-Dale 
constanv by: 
k= £ 
$s 


The value of 8 for air at AX} = 5893 Angstroms is- 0.000292, 
the variation with wavelength being small. The fringe shift 
relation for a fixed difference in index of refraction 


between the two beams becomes: 


a) (2) 
; $ 
If the density is variable in the test section, the net 
change in optical path is the integrated effect along the 
ray which gives the relationship: 


g ey ae [Cs-4£) 4s - Af F£09,%) ds 


ae eo 


where 


fC = EG y=.) ei), (4) 


Joe 


Aes. (5) 
ae 


5 





Qu 
” 
Nt 


incremental distance along a ray 


N 
I 


& plane of constant z. 
Equation (3) is the basic 2quation which has to be 
verted to obtain the unknown density from the known fringe 
shift values obtained from an interferogram. 
2. The Integral Inversion 

The integral inversion method used was first repor- 
ted by C. D. Maldonado et al in 1965 (1965; Olsen, 1968) and 
subsequently used by R. D. Matulka (Reference 3) to calculate 
the density variation in an asymmetric free jet from the 
fringe numbers obtained from holographic anverferorvana 
The procedure involves the representation of the function 
f£(xX,y 52.) by a Complete set of orthogonal functions, with 
the unknown coefficients being evaluated by use of the 
orthogonality relationship between the set of functions. 
The set of functions employed have a region of orthogonality 
that covers the entire plane and have the property that they 
are "invariant in form" to a rotation of the co-ordinate 
system. The co-ordinate system used for the inversion is 
shown in Figure 10 where X and Y represent fixed laboratory 
co-ordinates and X' and Y' the co-ordinates in which the 
fringe number function is defined. These co-ordinates, 
therefore, rotate with respect to the fixed co-ordinates X 
and Y as the angle of view through the test section is 
varied. 


In operator form, equation (3) can be represented as: 


ga Si, D, =) fa C5 4 =e) (6) 


16 





and the object of the procedure is to evaluate f, that is, 


mo Obtain: 


Gay) = 7 9(F ¥, 2.) (7) 


where pol represents the inverse of T. 
Ebtosanversion is achieved by utilizing a pair of 


orthogonal polynomials ie (ax,ay) and H (ay') which are 


m+ 


related by the transform relationship: 


a xX toms 
x4) 2 a << __—_., a Cy’) (8) 


mt+2k 


gmrak eG 


where: 


(x y’) Ee cE d (« x) Tf e “s Hcy] 


Mlk 


and a are the Hermite polynomials. 


The function f(x,y 52.) is first expanded in a series of 


the polynomials Ue as: 

o> 0d ere a "(ax, xy) x" roy") (10) 
f(%, q> 2.) = 22 &€ ic! Mm #2k J 

mM=z0 Azo Cea 
where €, = ZeluOuslonmO ond ik for m = 1,2,3,......, “@ is an 


arbitrary scale factor, and a are the unknown expansion 


peo 
coefficients. In order to evaluate these coefficients, an 
expression for the function B(Siy 2.) is obtained in terms 
of the polynomials by transforming f(xy 52.) hMeaccordance 


with equation (6). Using the transform relation given by 


equation (8), the following expression is obtained: 


ay, 





v 2 


ed 


= mak) 
gls,y'2e) =2 Z 6 Lk (mee)! 2 ila Go) oH 9) EF Oy) 


— 


meo ko 


The expansion coefficients can then be evaluated by 


applying the following orthogonality relationship to 


Banation (11): 


T ; aa oy’ 
fee as SH ber) Hg) 2 ty 
ae A 5 
m+ e nv2 Fem ¢ (12) 
= T * [emeae (nva2t)lQ : °f Se ice) < A, £9) 


that is, y taking the scalar product of equation (11) with 
ge S 
Meee xy’) and using equation (12), the coefficients of 


the series an equation (10) are obtained as: 


2 
| [ene [4s Bx )N le dyads (13) 
fe 


(m+2k)/ a 
Substitution of equation (13) into equation (10) results 


in the density vartatton being given by: i 
% yee aay 

*, 4, 80) = (x ge Uetine IF ™ oo 6 
a - ve (4) 2, 2 (mrak)/ a 
em oh (Xx, 14 
peatf Ff alas aye TH Ger vats] OL) 


[Tf ~~ 


fhesrunesitons Bees. employed are complex polynomials 


defined as: Y, y 
: k Me kf a ice “4 
” Cot’ (-’) ce) : amie a 


U et) = (meak)! 


timed m 2 ia | 
€ he [« (+9) (15) 





18 





! 


where > = tant a and Ly are the Associated Laguerre 


polynomials: 
lm+hk)/ a oS 
Lo (axe + aly) = 2 or li Nee eo) (16) 


Substitution of oe oe Suey into equation (14) yields: 


Fd) 2) Ge) 2 > a: CO K! (a4 ly) OL” Care a), 


mso Kso0 Me. 726)/ 
ry 5 Cx) en Ge 2a 9") 
[B87 Cc s(m¢) a re ; (mdf Cr} 


where: 


Br ta) = SS MEER) ODE LY dys 


mMtQ2k -7 -# 


6) 


mMteak 


T o 
Doral) = ff 85,2) HROSH LVE'AS C29) 
= ~eb 

Equations (17), (18), and (19) are the basic equations 
Miseca tO Obtain the density distribution of a completely 
asymmetric flow field. 

3. The Numerical Procedure 

The calculation of the unknown coefficients B pe oD 

and Dinepsa (a) in the series representation of f(x,y 52.) as 
given by equation (17) is not analytically possible in gen- 
eiels Since Che function g(y' ,&,2,) representing the variation 
of fringe number is an experimentally measured quantity and 
thus not explicitly given as a function of the co-ordinates 
Ciecwicc | Ompoumunes lf the analytical procedure is to be 


used to obtain the density from experimental observations of 


the fringe numbers, therefore, it is necessary to evaluate 
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the double integrals in equations (18) and (19) numerically. 
This is achieved by first noting that for every e(y' 56,2.) 
encountered experimentally, there is a circular domain out- 
Ecewwhiich the fringe distribution is zero so that it is 
possible to replace the limits of integration of +~ and ~— 
in equations (18) and (19) by finize values. The function 
gl(y',&,z,) PSG nen approximated by constant step values over 
elemental areas into which the domain is partitioned. This 


results in the B and D coefficients being represented by the 


double series: 
E.+/ wont 
I-/ J-l 
as a) ve 2 7 (5; + a5. Bice 4%) feesem ses] H Go) dx (20) 
c20 jz ¥. £¢ 
J 
and 
Ze el 
L=-t Fut 
De ce a2 2.465, rA5: ee ey ex (m5) dE Lie (4%) dx (21) 
30 g ze 5, x2 


Using the derivative formula for Hermite polynomials, 


the following equations ae 


~ (t) -[x mean en] © Y > a5 raz. oe ray) 


es ~<~=0 f= =o 
Jsixtm§, ) - sinlm§ IPH Ce 01) = A Ce es 
I-' J-) 
i) as ~~] = (nvaerd) ya ya Cs 2 x, +4x,) 
<3o a 6 


[esstn§i,) ~ coslms) ][H Corin) - eer) (29 
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Since it is not possible to sum over an infinite number 
of terms, equation (17) is replaced by the sum of a finite 


series: 


F$C4, Z.) * ey y > Z ee) a [er 4 Zo "(f vset3,?) 


[Bg eoelm9) +2, sromafEr 054 





z© 


The accuracy of the representazion depends on the values 
of K, M, A& and Ax chosen and convergence of the series is 


influenced by the parameter a. 


B. THE FLOW AROUND A RIGHT CIRCULAR CONE 
mH Axisymmetric Case 

The problem of the supersonic flow around a cone has 
been extensively studied by several investigators ever since 
jo was first opened up by Busemann, Bourquard and Taylor and 
Maccoll. The basic approach to the problem is outlined below 
but a detailed description may be found in References 12, 13, 
my and 17. 

Starting with the equations of motion of inviscid 


flow in three dimensions expressed in spherical co-ordinates: 








2 
udu ¢udu + @ Ju ts P- vee" Loo 
dn rn JO Asneae Sf Son fe 
ude of zw du ee gu 4 Lb dp a 2 O (1) 
dn ne oe 6) 
u dur - Our ar dur ee dp oie or Cole 62) oO 
ru 7t 40 XSn8 IP FraSnre Fé 7 


au. 





and the equation of continuity: 


= Cae, +2 (fru suo) + i ee) =O (2) 


the cylindrical symmetry of the cone allows one to eliminate 
the velocity component w and all terms dependant on ~. In 
eadition, application of the condition that the flow be 
conical, that is, no variation of the flow parameters with 


r, reduces equations (1) to: 


clu 
Le 


<= po = © 
; (3) 
du e Saeed /> = O ~ 
dé Su bb 
the first of these equations asserting that the flow must be 


irrotational. The equation of continuity similarly reduces 


EO $ 
A (pvsno) + AFuUsMO = 0 (4) 
de j 
Elimination of v between (3) and (4) yields: 
au ol 
ee te a t+ 4 a oO 
cle “lO fs a (5) 
Setting: 
Cee ees 6g CQ aS (6) 
de dy dé Ae 


the following ordinary differential equation is obtained: 


déu ene = atu + a ect @) Ge 
de* (v*- a*) 
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From the Bernoulli equation: 


2 
peer + (auteur) Le (8) 
£ 2 Rx 
anda With assumption of a perfect gas satisfying the equation: 
P kK 
a (9) 
J 


the velocity of sound a can be expressed in terms of the 


velocity components as: 


= aay) (c*- os a) Eis 


The density, pressure and temperature are then found to 


vary as: 
Ss 
(a) - Ce a” - v*) ii 
lo ei 
Bes r- 
(b) = (< NS i ae vw) (11) 
2 z 
OE eeGa) > C5) 


For the solution of the governing equation (7) to be 
physically meaningful, it is necessary to satisfy the boun- 
Gary condition of no normal velocity at the cone surface 
and the jump conditions at the shock wave. 


ditions on either side of a shock wave are given by the Ran- 


kine Hugoniot relations: 
aE 

- (t-!) y=) (12) 
Seas!) : 
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The physical con- 





where, referring to Figure 11, 


a = Angle between the normal to the shock wave and the 
streamlines in front of it. 


B = Angle between the normal to the shock wave and the 
streamlines immediately behind it. 


@ = Angle between the streamline at any point and the 
radius vector from the vertex of the cone. 


U = Freestream velocity. 

a = Velocity of sound in the freestream. 

x — 

Son 

Zz ~ Py/Po 

Pi = Pressure of the undisturbed gas in front of the 
shock wave. 

De. = Pressure immediately behind the shock wave. 

ie Stagnation pressure behind the shock wave. 


The boundary condition at the shock wave thus reduces 
to the requirement that the ratio (x/z) defined by the 
Rankine Hugoniot relations be equal to the pressure ratio 
(p/p) defined by equation (lla). This together with 
equations (12) defines the physical characteristics of the 
shock wave. 

Many schemes have been employed in order to numer- 
ically integrate the governing differential equation and 
to satisfy the boundary conditions to yield the complete 
solution of the flow field. Results of some of these are 
tabulated in References 6 and 14. For the purposes of this 
report, the more recent results in Reference 6 have been 


“~y 


used. 
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2. Flow Around Cones with Small Yaw 

The governing differential equation for the flow 
around a yawed cone is developed on similar lines as that 
for axisymmetric flow with the difference that in this case, 
the velocity components, pressure and density are expressed 
as a series representation about the axial flow values. A 
detailed cescription of the procedure may be found in 
References 13, 15 and 17. An examination of the results 
reveals that although the flow is no longer irrotational, 
the flow field can still be regarded as conical. Further- 
more, the shock wave in this case is still a cone ee 
same semi-apex angle as in the no-yaw case with the dif- 
ference that the shock wave is itself yawed at an angle 
which is proportional to the angle of yaw of the cone with 
respect to the freestream. 

In Reference 6, the method employed to obtain the flow 
properties is basically one of iteration. An estimate is 
made of the shape of the shock wave and this shape is 
improved in such a way that the normal velocity at the sur- 
face of the cone is made close to Zero. The results are 
presented in the co-ordinate system shown in Figure le. 
Values of u, V, w, 5 and p at various azimuthal angles $9 
are given for various non-dimensional distances between the 
body and the Shock wave. Such results are tabulated for 
cones of different half-cone angles, Mach number and angle 
of attack at which the flow can no longer be considered 


conical. For the case of a 10 degree half-angle cone, 


eo 





this limiting angle of attack is 10 degrees at a Mach 


number of 3.0 and 11 degrees at a Mach number of 2.0. 
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he DeocniP iON OF THE EXPERIMENT 


A. NUMERICAL SIMULATION OF THE EXPERIMENT 

The suitability of the computer program HOLOFER for 
handling cases with discontinuities in slope had been inves- 
tigated by means of various test function inputs into the 
program in Reference 3. The accuracy of the inversion in 
these cases was reported to be within 3.8 percent. In order 
to verify the applicability of the program to the present 
investigation, known values of the density along Bre ne 
of sight, obtained from Reference 6 at a particular cross- 
section in the flow, were fed in as input and Mode l 
operation of the computer program utilized. In this mode, 
the program calculates the fringe number array that would 
Result from the specified density distribution and then 
uses this data as the input for inversion to obtain the 
density distribution. One of the primary objectives of this 
investigation was to determine the effect of opaque objects 
introduced into the flow field and the presence of the shock 
wave on the resulting inversion. It was found that the 
effect of the presence of the cone could be reduced by the 
ii~roduction of a fictitious density distribution in the 
area occupied by it of a constant value equal to the density 


at the cone surface. 
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B. EXPERIMENTAL PROCEDURE 
ie caboratory Techniques 

It has been shown in Reference 10 that the trans- 
mitted intensity from a diffuse glass falls off below 30 
percent of the incident intensity beyond viewing angles of 
+8 degrees. Thus this represents a limit on the field of 
view obtainable from a single hologram. For the flow around 
a right circular cone at incidence, there is planar symmetry 
and hence a 90 degree field of view is required for complete 
coverage cf the total flow field. This coverage can be 
obtained by the simultaneous production of a Raber een 
holograms in various azimuthal positions as employed in 
Reference 3 or by a rotation of the viewing angle between 
each production of a single hologram. Taking advantage of 
the steadiness of the flow fields investigated, holograms 
covering various sectors of the flow field were obtained 
py rotating the cone to six positions in a 90 degree sector, 
one hologram being obtained in each case. 

Complete angular coverage of the flow field was 
obtained by a rotation of the cone and spindle arrangement 
in the mount by an angle of 15 degrees between each hologram. 
since it was desired to obtain the flow field at the same 
cross-section for the various angles of rotation, it was 
necessary to obtain the holographic interferograms in such 
a way that the line of sight was always perpendicular to 
the axis of the cone. For this purpose, a pair of grids 


were used, one on each wall of the test section, in which 
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the lines were designed to be parallel and perpendicular 
foemcne cone axis for a particular rotational position of 
the cone. The two grids were offset laterally with respect 
tO each other in order to account ror the rotation of the 
cone axis away from the central plane when the cone was 
rotated. On production of the holograms, the variable 
viewing property of light field holograms was utilized to 
line up the two grids thereby ensuring that the line of 
Sight was normal to the axis of the cone. This would have 
involved a considerable amount of vomplexity and effort if 
a conventional Mach-Zehnder interferometer had pee e cia ee 
for the same pose: 

Since the coherence length of the pulsed laser was 
only about 2 cms. at the output used, it was necessary to 
maintain the optical path lengths in the reference and scene 
beams nearly equal. Since the scene beam path traversed 4 
inches of plexiglas while the reference beam passed through 
two thick plano-convex lenses, it was necessary to compen- 
sate for this by making the reference beam path 3.5 inches 
longer than that of the scene beam. A reference to scene 
beam ratio of 4:lwas found to yield good holograms. 

The holograms were obtained on Agfa-Gevaert 8E-75 
holographic plates, 4" x 4" in size. Development was for 5 
minutes in Kodak D-19 developer, thirty seconds in an acetic 
acid stop bath of standard dilution, five minutes in standard 
fixer, one minute water wash followed by immersion in a 


Kodak PhotoFlo wetting agent prior to drying. Reconstruction 
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of the scene was achieved by illuminating the hologram with 
the light from a helium-neon laser operating at a wavelength 
of 6328 Angstroms. 
eee WocOeraphic Techniques 

To obtain reconstruction of the image from the holo- 
gram, various methods can be employed. In the usual method 
where the hologram is re-illuminated by a beam similar to 
the original reference beam as shown in Figure 13, each 
point on the photograph is produced by a series of non- 
parallel rays that appear to originate from various sources 
on the diffuse glass that was used to construct Pennoni 
An almost parallel set of rays can be selected by the © 
positioning of a small aperture at the focal plane of the 
imaging lens as shown in Figure 14. A similar effect is 
achieved by illuminating the hologram by a conjugate beam 
of small diameter as depicted in Figure 15. Because of the 
small diameter of the reconstruction beam, the illuminated 
portion of the hologram represents a small aperture and thus 
the image produced has a large depth of field. This was of 
considerable advantage in the production of the interfero- 
grams from the holograms since it enabled the front and rear 
grids, the cone and the fringes to be simultaneously pro- 
Jected on a screen and thus made the task of obtaining the 
correct viewing angle and the interferogram quite easy to 
achieve. A photograph of the scene was obtained by focusing 
the camera at the desired plane in the test section, usually 


in such a manner so as to be in the plane of the fringes. 
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The lines of sight recorded on the photograph in this case 
represent the almost parallel pencil of rays from the 
diffuser that pass through the effective aperture in the 
hologram. 
bemebava Reduction 

To obtain photographic interferograms, the hologram 
was illuminated by the conjugate reference beam using a 
continuous wave laser operating at a wavelength of 6328 
Angstroms. A camera back with viewing screen was placed in 
the positon of the real image as shown in Figure 13. By 
lining up the appropriate horizontal and vertical ites of 
the front and rear grids, the viewing angle corresponding 
to the particular line of sight desired was achieved. As 
the spacing of the lines on each grid was % inch and the 
two grids were physically 7 7/8 inches apart, a viewing 
angle of 3°38! was obtained by lining up a line on one of 
the grids with the adjacent one on the other. A f7.7 lens 
with full aperture and an exposure time of 4 seconds was 
used to obtain workable holograms on Poloroid Type 55 P/N 
film. The reduction of fringe shift was obtained by project- 
ing the negative in a photoenlarger are by) tracing the 
fringes, the cone surface, the shock wave and the grid line 
at the desired station at which the reduction was to be 
performed, on a sheet of paper. Some judgement was usually 
necessary in locating the centre of the fringes but in 
general the light fringes were found to be narrower than the 
dark fringes and a location of the fringes to within +0.1 of 


the fringe spacing in the freestream could be obtained. The 
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fringes in the region outside the shock were extended towards 
the cone surface and the fringe shift read at the points of 
intersection of the displaced fringes with a number of rays 
from the cone vertex. The assumption of locally conical 
flow in the region within two to three fringes on either side 
of the section was made in order to obtain the fringe dis- 
placements at the section from those at the points of 
intersection of the rays from the cone vertex with the 
fringes on either side of the section. The distance between 
the cone tip and the section at which reduction was per- 
formed was measured from the projected image and, nee the 
actual distance between these points was known, it was 
possible to calculate the factor by which the projected 
image was magnified as compared with its true size. This 
magnification factor was then used to determine the actual 
radial distances from the cone axis at which the fringe 
shifts were obtained. The radius of the inversion circle 
was selected such that the maximum distance of the shock 
ieom the GCOne axis was at 95 percent of the radius of the 
dnversion circle. From the data so obtained, the radial 
variation of fringe number was plotted and a smooth curve 
drawn through the points. The fringe number at 201 equidis- 
tant points was then read off from the curve and ubidazed 

as the input into the computer program HOLOFER in Mode 3. 
This mode utilizes raw data taken at the proper interval 

and directly read into the G array in the program by Sub- 


routine READ. Further details about the use of this computer 
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program are outlined in Appendix C. For the axisymmetric 
case, it was necessary to feed in the fringe data along one 
line of sight only and to obtain the density variation along 
one radial line. For the asymmetric case, fringe data was 
fed in alcng six lines of sight in a 90 degree field of view 
and the inverted density field obtained along 9 radial lines 
spanning a 180 degree field of view on one side of the axis 
of planar symmetry of the flow. A typical reduction of an 
interferogram to obtain the radial variation of fringe 


number at a section is shown in Appendix A. 
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Voeoc een OMEN EAL RESULTS AND DISCUSSION 


A. DENSITY FIELD OBTAINED EXPERIMENTALLY 

ie computer Simulation Results 

The density distribution cbtained from the AGARD 167 

tables for the axisymmetric case was used as a test function 
am Computer program HOLOFER. The fringe distribution cal- 
Sulatved from this density distribution was inverted to obtain 
me Orifinal density distribution. <A plot of the original 
density distribution and that inverted by the program is 
shown in Figure 16. Since the Mach number for this inversion 
was 2.84, it was necessary to first interpolate the 13 values 
obtained from Reference 6 for a Mach number of 2.84, and 
then to obtain from these, the values at 201 equidistant 
points along a line of sight within the region of the 
inversion circle. This was done using Computer Program l. 
As a side benefit obtained from a use of this program, the 
discontinuities in slope in the density distribution at the 
cone surface that would otherwise have resulted by assuming 
a constant value in the region occupied by the cone, were 
eliminated. Various values of K, M and interval size were 
experimented with to obtain the minimum deviation of the 
inverted density distribution from the input value in the 
region close to the shock wave. Increasing the value of K 
above 500 was found to have little effect on the accuracy, 


the maximum variation of the inverted density being 1.5 
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percent of the input density value at the point of inversion. 
The value of a was found to affect the total number of terms 
in the series representation of the B and D coefficients 
required for convergence within the value of e specified. A 
value of K = 2000, M = 5, a = 2.5 and an interval size of 
0.01 was found to yield the minimum effect of the shock 
Mieeontinuity. 
ae. Experimental Results 
a. Axisymmetric Case 

A photograph of the holographic interferogram 
obtained is shown in Figure 17(a). The fringe data obtained 
from a reduction of the two sides of the cone is shown in 
Figure 17(b). Since the flow was axisymmetric, an average 
of the two readings was taken and a curve plotted. The 
values at 201 equidistant points was read off, this being 
input into Subroutine READ of computer program HOLOFER as 
the G array. The density distribution obtained from the 
output of the inversion is shown in Figure 18. Also shown 
plotted is the density field obtained from the AGARD 167 
tables interpolated for a Mach number of 2.84 by computer 
program 2, this being the Mach number of the tunnel obtained 
from pressure measurements. The pressure data obtained 
from the viscicorder is shown in Figure 19. The value of 
Mach number calculated from these pressure measurements com- 
pares favorably with the value obtained in earlier experi- 
ments from shadowgraphs of the flow in the tunnel. A 


comparison of the density distributions from the AGARD tabies 
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and those obtained from the experiment show good agreement, 
the maximum variation in overall density being 8 percent of 
the theoretical density value. 
b. Asymmetric Case 

The views along which holograms were taken for 
the cone at 10 degrees angle of attack are shown in Figure 
20 and photographs of the interferograms obtained are shown 
in Figures 21 to 26. Except for tre 67.5 degree and 82.5 
degree angles of view, the perturbation to the flow on the 
leeward side of the cone was insufficient to enable either 
the shock position or the fringe displacements on fs 
portion of the flow field to be obtained. The fringe shifts 
in this region were, therefore, taken as being zero. A 
comparison of the shock wave position obtained experimental- 
ly from the interferograms with that from the AGARD 167 
tables interpolated for a Mach number of 2.84 is shown in 
Figure 27. The fringe data were input into computer program 
HOLOFER starting with the 82.5 degree fringe distribution 
in order to be consistent with the plane of symmetry for 
which that program was written. The resulting density 
distribution output from the program was along the lines of 
sight indicated in Figure 28. A comparison of the experi- 
mentally obtained radial distributions with those from 
the AGARD 167 tables interpolated for a Mach number of 2.84 


are shown in Figures 29 to 35. 
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B. ERROR ANALYSIS 

The errors in the final solution are mainly due to errors 
in the fringe data input into the computer program. One of 
Pmenmajor sources of error was due to the difficulty in 
obtaining the slope of the fringe lines in the freestream to 
avery high degree of accuracy. From the results of the 
experiments conducted on a 10 degree half angle cone in 
Reference 18, it was apparent that the flow in regions close 
to the tip of the cone would be affected by the boundary 
layer on the cone whereas sections near the base of the cone 
would be affected by the wake and expansion of Phe cious In 
Order to eee in & flow which was locally nearly conical, it 
was thus necessary to reduce the interferograms at a secticn 
approximately 60 to 70 percent of the cone length downstream 
Or the tip. At this section, however, the shock wave was 
about 1 inch from the axis of the cone and considering that 
the fringes in a region about % inch adjacent to the tunnel 
walls were affected by the boundary layer, this left a region 
of about 3/4 inch in which the fringes of the flow in the 
freestream were present. It was thus difficult to obtain 
the slope of the fringes very accurately and it is estimated 
that errors of approximately +1 mm. in the fringe data along 
any fringe could have resulted. However, since the fringe 
data along the section was obtained by interpolation between 
different fringes at varying radial distances from the cone 
axis, this would have resulted in a smoothing of the errors 


to about +0.5 mm. Since the maximum fringe shifts obtained 
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were in the region of 8 mm., an error of +0.5 mm. corresponds 
to an error of approximately +8 percent in the magnitudes of 
the fringe shifts obtained. 

The errors between the experimental and theoretical 
density curves in Figure 18 reflect the above estimates of 
error quite well. The experimentally obtained density 
distribution is generally about 5% higher than the theoreti- 
memeecurve and this rises toe maximum of 8% close to the 
cone surface. Similar errors are apparent in general in 
Figures 29 to 35. However, in these curves the maximum error 
is somewhat higher probably due to the fact that meget 
weesepertformed at a section closer to the base of the cone 
than for the axisymmetric case. In so far as the general 
magnitude of the density is concerned, the experimentally 
obtained distribution follows the theoretical one fairly 
well. Except- for the density distributions for $¢ = 0° and 
wewece. 5: , the density starts to rise above the freestream 
value at a normalized radial distance from the cone axis 
of about 0.7, then assumes a nearly constant value before 
rising steeply again at a radial distance closer to the 
cone axis. This appears to be inconsistent with the data 
ipuc into the program in which the radial distance of the 
shock from the cone axis is seen to decrease with increasing 


values of $6. 
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V. SUMMARY 


A. CONCLUSIONS 

The finite fringe method for the production of holo- 
graphic interferograms has been applied successfully to 
the determination of the three-dimensional density distri- 
bution of the flow around a 10 degree half angle cone. The 
method has been demonstrated to yield results within an 
accuracy of 8 percent for the axisymmetric case and within 
13 percent for the asymmetric case. The Perea the 
errors are mainly a result of the constraints imposed by 
the existing wind tunnel size and the fact that the cone 
model used produced perturbations in the flow field of a 
fairly small magnitude so that small errors in measurement 
were reflected as relatively large percentage errors. The 
computer program HOLOFER has been evaluated for the effect 


of the shock and the cone and found to yield good results. 
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FIGURE 2. WIND TUNNEL TEST SECTION AND PRESSURE 
MEASURING EQUIPMENT 
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FIGURE 3. PRESSURE RECORDING EQUIPMENT, CONTROL 
BOX, AND POWER SUPPLIES 
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FIGURE 5a. HOLOGRAPHIC TABLE LASER CONTROL BOX 
AND TEMPERATURE CONTROL EQUIPMENT 
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FIGURE 5b. DETAILS OF THE HOLOGRAPHIC ARRANGEMENT 
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FIGURE 6. VIEW OF TEST SECTION SHOWING DETAILS OF 
MODEL, MOUNT, AND GRID 
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Orientation of Grid Lines for Various Positions 
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FIGURE 7b. ORIENTATION OF GRID LINES AND OFFSET OF 
THE GRIDS 
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FIGURE 9. THE CONE AND SPINDLE ARRANGEMENT 
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FIGURE 10. CO-ORDINATE SYSTEM USED FOR THE INVERSION 
OF FRINGE NUMBER TO DENSITY 
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FIGURE II. CO-ORDINATE SYSTEM USED FOR THE GAS 
DYNAMIC EQUATION 
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FIGURE 13. EFFECT OF APERTURE SIZE FOCUS PLANE 
POSITION ON THE PENCIL SIZE OF RAYS ABOUT 
A LINE OF SIGHT RECORDED BY CAMERA 
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FIGURE 14. SPATIAL FILTERING TECHNIQUE FOR SELECTING 
PHOTOGRAPH OF CONSTANT ANGLE LINES OF 
LIGHT 
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FIGURE 15. LENSLESS PHOTOGRAPHIC TECHNIQUE USING A 
CONJUGATE REFERENCE BEAM OF SMALL DIAMETER 
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FIGURE 17a. HOLOGRAPHIC INTERFEROGRAM OBTAINED FOR 
THE AXI-SYMMETRIC CASE 
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FIGURE I7b. RADIAL FRINGE DISTRIBUTION FROM A REDUCTION OF 
THE HOLOGRAPHIC INTERFEROGRAM FOR THE 


AXI-SYMMETRIC CASE 
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FIGURE I9. PRESSURE TRACE OBTAINED FROM THE VISCICORDER 
FOR THE AXI-SYMMETRIC CASE. 
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FIGURE 21. HOLOGRAPHIC INTERFEROGRAM FOR 7.5° 
ANGLE OF VIEW 
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FIGURE 22. HOLOGRAPHIC INTERFEROGRAM FOR 2e.on 
ANGLE OF VIEW 
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FIGURE 23. HOLOGRAPHIC INTERFEROGRAM FOR 37.5° 
ANGLE OF VIEW 
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FIGURE 24. HOLOGRAPHIC INTERFEROGRAM FOR 52.5° 
ANGLE OF VIEW 
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FIGURE 25. HOLOGRAPHIC INTERFEROGRAM FOR 67.5° 
ANGLE OF VIEW 
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FIGURE 26. HOLOGRAPHIC INTERFEROGRAM FOR 82.5° 
ANGLE OF VIEW 
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FIGURE 27. COMPARISON OF THE POSITION OF THE SHOCK WAVE 
OBTAINED EXPERIMENTALLY WITH THAT FROM AGARD 
I67 FOR M =2.84, ASYMMETRIC CASE 
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FIGURE 28. LINES OF SIGHT ALONG WHICH THE DENSITY 
FIELD WAS OBTAINED AFTER INVERSION, ASYM- 
METRIC CASE 
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TABLE I 


VARIATION OF FRINGE SHIFT WITH DISTANCE 


ALONG RAYS FROM THE CONE VERTEX 


me= Fringe shift (mm. ) 
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Distance from cone vertex along a ray (ins.) 
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TABLE II 


RADIAL DISTANCE FROM THE CONE AXIS OF THE 
PEE RSECEION ON RAYS WITH THE SECTION 


Distance from 
cone axis 


i 


Di 


PP BP BP 


83 
2 


263 
53 
43 
eS 
ne3 
ae 
Oe 
woe 
112 
male 


Normalized distance 
from cone axis 


0.95 
0.89 
0.846 
0.794 
0.742 
0.69 
0.639 
0.581 
0.53 
0.478 
0.426 
0.374 
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CABLE tii 


CALCULATION OF THE RADIAL VARIATION 
OF FRINGE NUMBER AT THE SECTION 


Average fringe spacing in the freestream = 2.775 mm. 


Ray recone arenes Prtves shift Rringe number 
1 0.95 0.0 EO 
2 0.89 2.08 ne 
3 0.846 S25 eo 
4 0.794 442 1.59 
5 0.742 5.4 1.946 
6 0.69 5.92 eoal3 
7 0.639 pele 2a22 
8 0.581 6.69 2m 
9 0.53 beans 2.425 
10 .478 Greif 476 
Hla 426 tee .60 
AZ 2374 6.80 45 


RR RR mmm 


APPENDIX A 


SevUCTTON OF AN INTERFEROGRAW TO OPTAIN FRINGE SHIFT DATA 


The reduction of only one side of the interferogram ob- 
tained for the axisymmetric case is indicated as an illus- 
Peauton Of the procedure employed. After projection of the 
negative, the cone surface, the shock waves, the grid line 
at the section concerned and the fringes from the projected 
image were traced on a sheet of paper as shown in Figure 36. 
Wigewcistance between the cone surface and the shock at the 
section was divided into a convenient number of parts and 
rays drawn from the tip of the cone through these points. 
ime tringe shift distances at che PCinurOleincersecuion of 
each displaced fringe and the rays were measured by means of 
a 7X PEAK scale magnifier as well as the average fringe 
spacing in the freestream. The radial distance from the 
cone axis to the intersection of each of the rays with the 
section was also measured as also the distance along each 
ray to the intersection with each fringe and with the 
section concerned. A tabulation of these results is shown 
imap tes i 2, and 3. Hor each ray, the fringe shift dis- 
tance was then plotted against the distance along the ray 
as in Figure 37, and from these curves the fringe shift 
distance at the section was obtained. These fringe shift 
distances were divided by the average fringe spacing in the 


freestream to obtain the fringe numbers at the various 
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points concerned. From a measurement of the distance from 
mee tip of the cone to the section on the projected image 
and comparison with the known distance, the magnification 
of the image with respect to the actual conditions existing 
in the wind tunnel was determined. The radius of the inver- 
sion circle was obtained by assuming the distance of the 
shock from the cone axis to be at 95% of the radius of the 
miversion circle. The Aner ance from the cone axis of the 
various intersections of the rays from the cone vertex and 
the section were obtained as a fraction of the inversion 
circle radius. The fringe number at these points was then 
plotted against the non-dimensionél distance from the cone 
axis as shown in Figure 17 and a smooth curve drawn through 
these points. The value of the fringe number in the region 
occupied by the cone was taken as a constant value equal to 
that at the cone surface. From the curve so obtained, 
values of the fringe number at 101 equidistant points were 
obtained on each side of the cone axis (including the value 
at the axis) so that a total of 201 data values resulted. 
This fringe data was read into Subroutine READ of computer 
program HOLOFER and inverted to obtain the required density 
fa edd , 

The use of 201 data points was essentially dictated by 
the necessity to be able to define the shock position 
accurately and to have the fringe distribution in the region 


between the shock and the cone described fairly well. Since 
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the fringe curve from which these points were obtained was 
plotted using only about 10 experimental fringe values, the 
use of 201 points does not imply a higher accuracy in the 


density distribution output from the computer program, 
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APPENDIX B 


USE OF COMPUTER PROGRAM "HOLOFER" 


This computer program is designed to invert the array cf 
fringe numbers to obtain the associated density field using 
the inversion first proposed by C. D. Maldonado and described 
mieoection III of this report. The computer program can be 
run in basically 3 modes as described below: 

(a) Mode 1 

iiiecmmode sprovides the basic testing capability of 
the program and iocomvalrlouse Lest functions Tisted in ~ 
Subroutine FUNCT in order to generate aG array which is 
Phen inverted back to obtain the original input function. 
Functions other than those specified in FUNCT can also be 
read in on cards by specifying a test function number of 
8.0 in the original list of 42 parameters read in into the 
mayne program HOLOVERT. In this case the main program first 
calls Subroutine FREAD to read in the data cards. The first 
card in this data deck consists of two values indicating the 
teovalenumber of Cards to be read in and the 'Z' section at 
which inversion is being performed and is input according to 
format 89 of the subroutine. Thence follows one point per 
card according to format 88 representing the numerical test 
function being input. This mode was employed in the present 
case for inverting the 201 points that were obtained from 


the AGARD tables by interpolation using Computer Program l. 
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Poeart trom an evaluation of the effect of discontinuities 


due to the shock and the cone, this method provided advance 


information on the magnitude of the fringe numbers to be 


expected in the experimental results. 


(b) Mode 2 


This mode obtains the G array at regular intervals 


from irregularly spaced values of the fringe number function 


Smee Zing subroutine SHEET. 


The fringe data may also be 


Simulated by specifying NCODE=1 in which case one of the 


functions in FUNCT may be used to generate the G array. 


This mode has not been applied to the present investigation. 


(c) Mode 3 


In this mode, the fringe numbers are read in directly 


at regularly spaced points by Subroutine READ which is called 


by Subroutine GARRAY. 


The various parameters in the first 


two cards of Subroutine READ serve to identify the symmetry 


of the fringe field. 


The following parameters have been 


Moedeane the cases dealt with in this report: 


Parameter 


NOF 


IMAX 

JMAX 
ISYM 

J SYM 
IMS 

JMS 
Z 


Axisvymmetric Case 


Any value specifying 
the run number. 


201 
1 
ze 

For 

Od 
1 


The 'Z' section at 
which inversion is 
performed. 
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Asymmetric Case 
Any value specifying 
the run number 


20 

24 
i 
1 

201 
i 


Ene. 2's seccion at 
which inversion is 
bertiorned. 





Parameter Axisymmetric Case Asymmetric Case 


XO OF C- 
YO @. OF 
PRisyM Or 0: 


Further details regarding the computer program are con- 
tained in Reference 3. A listing of the program is, however, 


included in this appendix for reference. 


88 





OOO oCooOOOQOOO0O000000000 
SNOPINOM ORONO SODOM ONO 
DODDDOVDVOOOCE Aw wt et St et SN 
COV DODIVOONO OO OCCOOOOC0C0°0 
ODOC OCOO CO OOCOCOCOOCOCOCOCOOCACO0O0O 
I iI I HO a Sea ae 
Cdiiedaidadadaddadddiag 
VUOOOVC OU UV OU QU OUUUU OW 


270K 


120,REGION.GO 


27TIME.GO= 


RTCLGP,TIME-FORT 


>aM 
Caw 
Oz 
OOnm 
So) 


FCG Gi ci iok a otoioiaiatotak HOL OVE R tek ok ga ta toi a sokokokeie a teak iat ak ak ak ak ae ae 


SNSNOOUUDUOO 


AyNO,yNA,NOF,NAF 


0 
S 


RO»R 
QSYM 
H*» LHX_yLHOy LH2 ylH-ylHI/ 


m— o/) ~ 
Ne zt sewn 
em eS 
Iz «>™7 
Ta vwel aw 
aw eDWM 
oY « «= 
<< e-OF- 
edOT ee 
KxeSZYND 
Se ee oD 
3x<xOcOw neo 
Sw Zor ee YO 
eDTMOwaztrrces 
—M ew em eB eK ow 
=I OWN LO 
"YA = «AY 
Je HI ON & & 
eX §O e2Zzom 
<SWS eK eNn 
=YADM eM & &/O 
— eY UO VHS TwY 
mx eT « eZO4 
eWe EI a 
xKXOQ a» > ox & 
qIZReannnwe 
= X<teS of 
> ~ tf OFm— 
eNNN IN 1 
<ONOkKASN oo 
I<tane>r~owH 
SRK OWN Oo 
BS 
al 
22z222220M 
Sogn Sogo 2 
SSSA FSSSz aw 
LTS S STE = 
Ooodoooo0ed- 
OVVVOVOU0S 


ae 


| 
| 
| 
' 
| 
| 
! 
| 
{ 
| 
| 
| 
| 
' 
| 
| 
| 
' 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
\ 
| 
| 
| 
| 
| 
| 
| 
| 
J 
| 
| 
{ 
| 
| 
{ 
| 
| 
j 
' 
i 
( 
[ 
i 


| 
| 
1 
| 
! 
f 
O 


CALO0220 


Omit 
em ell 
mm af 
mt) ome 
Wh = 
sow 
UN LL we 
Ore O 


FLEE, 
oog 
9 td tt 
NNW) e@ 
Z2zZz@Zzo 
WW i 
=Z=ZWN 
rt bed beet SS 


Seago 


o 


Q 
=z 
mH 
= 
Ww 
oe 


Cw --—- — - —- - — — ~~ nr nr rrr er err er - 


89 


OOOO CODOOOCOOCOOCCO0CO0O0O 
MA PFINOM DROANMOFINOM DKHOANMsFN 
NNN NANA COM COO MOD ON OOD OD A SS 
OTOOOOOOOCSOCOOOO OOOO 0C000 
wjoleleleloleleleleleololelelelelolelelelole) 
wd at a od) A I ot ot I I tt 
addaddqdqdaqdqdaddaqdaqdadqddadadd 
OVO VO OO OOUUO VO OUUUUUUU 


JMAX=1 


© 


“) 0 ome ay om ome 


Us Setn eC KAW Oma 
emww XA Ide we Ow HHT 
MNeav~erh hdr ete~er~— Wl 
Sele ee aad jiyjaterctee 
WU RANSO I er CH yt 
Nu t—-W HU wWOK Ke SSeS TW wll 
SANS SNS Sect ee KK OOANYO 
222222 WESeuygwdwns0o0O 
mt tmnt pet peed ae ad Pd bet CY et “Qed SYS SKI NLU Ss 


MS-NE~1-)? GO TO 20 


me 
[oom 
O 
38 
aw 


o 
N 





OVVCVOCDOOCOCOOOCOCOOCOOCCOCOOOOCOOCOOCOCOCOOO0O ooo 
OM DHOHIENMNTNODM™ DHOANMSNHNOPORKOANMS x st O 
SFFFTMMUMNUDMNMNMUIDODOODOD0D0D00—E REP mo FO MH 
SoS OOO oO Ce Cece oo Oo oooodo ood ooo © a &) © 
OVVVDOOOCOOOCDOOCOOCOCOOCOCOCOOCO0COO0C0O000 ooo 
III ASHp§ JJ 9S) J Sq Sq SJ SIasqSs aa Saar rk bh 
Ioagddedddd edd dd ddd idee W Wit 
OOOO QO OOO OOOO UO OU OU UU OUU0U OUUUU WM NNN 
- La o~ Cd 
+ + + + 
Y 
- Iq <t Oo Oo 
SY O 2 & 
: Se OO Ww 
NM EH OUD ONY 
WwW Im & 
e=yYy yt OO XxX 
ee 
* + + #¥ 
LU 
w LL uJ 
Ce 2 MN 
= — Li ee 
Z2= ' a < 
26 O-— 
C3 LOY a 
= We ~ 
Y = 
mt HAH tt 
a ve 
tae 
l= aM © 
om e ef fad 
O= NO]Z w 
UL COLL rd 
a We & 
Aw ~-Q > 
cw e 
Ws HOt it 
b~ : 
LU 
aN x< bm 


<IMN WN e FT 

CK NN eS Ko 

II SOKMY 

a pe, As Y? eM el 

- mm OPFOUON > a oO 

mA M SS b& et 

mOrt ee ee em DHt HL HU 
WW & FEMME na — - _—_ 
Par HANMOMEZz O mM OOM 
eu UW Ww a WW we ect e ecg @ 
et pe el et ied edit et «= OO TLOWOLO 


oO Werner en eo |p We eo HORNRS 
{ feed coy ome ome come ome mm eed TOS LE LL LL 
w ad feed fad Peed pet ed ede ed ORL ON SUN OO 
e frmwe See  te ee e e e fme ~ & -(L & 
= NCAA Y KEV x x« XxX xX 
* wd FEMHEMENE LS 
a ty — wae? tet eet eet ee ee eee? eer New ew “Sew *. 
= -~ OKO = ~~ 682 ©2 BTS oe 
~—NN A Oe NS NR mene CDANMTNOEONIN WW Ww 

Cte HY Ye LK INoranno DROADAAAAHAON SN KN NS>rwW 


Tee Ow LONNIE) mn om mn nn en mm en mem eh hem Ow Oe ee OD 
Wall Lae OO Ow HNIMSNOM DODO RANODOOCOODOONDOOVOO~ YF Tt Oo 2 
Te We Tt ONE LLLLEM MMM MMM OO SS ee eee ewe we we we we ER othe 
On we IOCOKCOS Id ed www www ww ww we mw Witt KIO 


ZMINSINAWZWZTI INN NUNC ee ee errr eee SO 
Lhe ee IP IN CON Lb eer Od ddd didi dd i eet eee OE CN MK 
BZWANOTwWAAAADOTMAAaAZINNUNKNNNnNnNNneerrererrereOO O O O 


COMOZZNOA0OYK Kh KZ ZY IO TOO OWAWNeE DO STOSBSSSBESSSBZPTESiLiLo Le le Le 

=| = = = 
Oa NM + 
Oo Ow Oo OD 


90 





oF oOo >) oe sleleloleleleloleleleloelelelelelolelelolelelelelelele/elelelelelelelelelelelelole. 
ON + WOM ORO SNMSTNOM OROSENMSPINOMHDHOOASENMTNORKDKRORNMGOTHN 
rw + PEPE DODDDDDDDDDMNANAAKRKAAKHOOCOCOOOCO0C OO Set at ste 
Smo Sleleleleleleleleleleleleloleolelelelelelelelejlole!_ lt ele eer 
Ome > SGiG@GieeeoeoOoee COCO OQoOoqooSGoOoqooqoqqooooooooooooeoo 
—_- —- & ed eed nod eed eed eed ed me med a eed deg 9 eg amend eg |e) fen) fem 9nd |e fem g ee) fem) 9 Pesan) fend Jc) np Pn) py a 
ww ww addqadadedddadeededdddi ddd cca 
Wn WN VOVUOOVOV OOOO VOD OO QOUOUOU OVD OOO OOO OUU OOO UUUUU 
& o e 
oe Dp — 
%* + * 
_ 
w 
a. 
Ww = 
= iE ‘XN 
oom o 
al ~>e 
OD» 
* + LW 
ou 
Ss « 
<= >= 
a. N > 
<)> an 
mw 9 
© = o« 
= 
N> 
+ *%* +* =n” 
x< = 
<— =e 
> ~ A at = ~= 
< N + tea) N> 
ao: => i ~ ae il “yy? 
w ~ ~ ~~ D 7) 
<a =~ N YM WO e = & 
as) i ~ ex fuk N ~= 
_ - = ~ NM> 
* + ~ pet > \N -”- = = mY) 
~ >> VY) rsd -_ = e. ohm 
=a tt inal eI rd -~ x oO oat Ne 
=) _ os — N < e N | =n” 
ue mw MS: [= ~ = GW SS Y I= 
Oo -_ <— Hou < -~ =e Uy ~ = 7) 
OQ —_ q< os) ow) ° e | Qa Ne 
a oOo ww — + Ee = + << a =WYN 
<< ~ =a eb Ww x< OO > N Qa — tS 
oO j x<x< | <— ee WY NN = ~~ ee 
+ + +* @ Ws LW N= ea) <™ <f © x< eo 
Zzonm mM oO O eEeN Swe ~) = 2a aw a =< 
> e ® oo = = weet Owe we Sac | da ~ OO SS 
Lo © O Sal Cele S WY Il - O Nn ~™D —~Y x & 7) 
ated UW tk Wi Sate | > Sex e oo a | | © i ~~ Ke 
mea a rk CaS ZO eh HID Ot CxX~~a KN NW 2 er oO Ix 
OO ODO OSes 220 MKAR DNR = OmtxK Ss TS we a OD zat 
_— ~ esY 2Z2ZZz= WWOA Sex > estas AQIS ~ x YW == 
x x x<das MSZ <f AS J -~ — ~o ma 
HN SH TW ——— ee Iaze orn = ams = ~ UW me = 
ene Ne NY OU Re me OONDe = ex HO uw at O DM em 
ee ee ee at eer YOON e828 6 Ore =n ar co ee N WKM 
«KH mH HK ee eee OL OreG WNO Ms Woe + b= =o an e 
WW WW MW SOO wee Ree WOW oD oe WT eOuw Oo WW o~-> 
~O™N NO NO ee 6 pet Jf 8 ke OK STS HSN Ce Rd eNOZN oc am 
w—2mwe we ~~ © WSS) eet SSE Ie ee Ke KET OnNnNet = NOS kN 
ao Zz OOO wee 0 § > e-ZNNKNOTAI>>-O iW OQ MAH Wt a& 
Re FArCORO OCOD YIAaNnNnNnnry»rnZNDLSHZNNT SNe EZ OK Cet SU 
Gad qd DONS STOLL HS | DDH Were eMail 8 8 ems HK OZ I ON re 
=< EC I rw | ewww www KX I MES WOO ONNNN IWIN HH ts ec Oo 
exe CX CXS Qa. > => D $~NnM Ovwwm | OxK—~m—eRe ae SWS esa 
O OO OO OUSZUULLOLWULLNALLL YNLOUWNSSALULQooormmiToaawaeO 
Cn mw mh et Ebr peg tet Fret fret ed Ded ad pet fey Ped CY SS tered LLL tet CO ed Dt eg SOKO OT OO Ke KOE 
= =! = onl 
mW Oo - @ 
Onnrn on 


58 


oat 





Sea aoa OIoOOOOOO OOOO COO OOOO OCOCOOCOOCOOCOCOCOOOCOCOCOOCOOOOO0O0OO 
OM DROANMPFOOHDHROANMSNOM DKROANUMSNOMDHOANMSTHOMDRORAM 
tt mt IOI OI OI OIA AION OIA A 099 0) 0.09 00) OO OSS SS ES TUALLY LINN WO 000 
Stet sees esses ed ed SS SS et SS RS ee St SS ed ed Set Se 
COO OO OOOO DOO OOOO OC OOOO OOO COC OOOCOOOOOCOC OOOO OOOOOOCOO 
oS ceed ced ed ced) cfd ce) eed td ed) eed) od) od) ed) a) od) eed et J od) od od od I a SS I od od I J) LO SO 
aqadaqad<dadddddddddd ddd dd dd didi ccacae 
WOOD VOUOVUO OUD OO OO U0 OU OOO OU UOO OO OOOO OUD OU OOO UUUU 


oO 
oO 
bd ~ ~~ 
~ = 
cee eS > 
QC ” 
WWng = 
be ow <L 
mL a. 
Gaze rs 
xe oO 
© > ~ 
om CY ~ OQ 
— & O aM 
°C x< ~ 
onl o~ o 
ou om ss ce om ame om <I 
WW = on = <xo© toa 
Oa > 0 l= 2a 0a 
ect WY o~ z oo & ee 
aw = ‘0 ~ rd and OO 
Ow ie ~ = wu ~~ 
Ow a ~*~ Oo —j Fe, 
— rs WoO Oo oo & We 
a oO men oe ty cme ~ =a 
Qw3 = © nod Ww —_ = e mC 
zat ~ fl OCW < —— Hm O) 
IO Oma =2Z za <oO { ef eo 
e <add ~ * Ce Wed iL 
me em on oO ww Zino 
Oa Ww = moO o o & md /) om L/) 
eC Za am ow <_ Io adeAJe -> 
Cy e ono mt o zz ede, Oae 
Wo = e es —— Ie om 
etl De @ LLj @ ay ty ~~ ww LOD f~ 
we O22 wW Oo 0 > orf On ew WO 
eS 5 ° 2 of woe ZoZ & 
Zo0O 00a a zat ow oe OZZZ O 
w— Zw we oO Ow —_o 00 Oawt~Zzw ~~ 
Om iL wm +4 Ax <q we we ~A~—O 
CQOe WO ~~ WN w= LL wcd rod «KK OO wW 
ZO FZ ® " oO e -_ Wu aAaNnoOwa KF = 
qZz =e CO CQ ~~ Ow mJ =a Fro ~oOz — ~ 
etd edt Zz @m teed (Co) “2 at et fore Oxqtt ¢~ & 
me FO << za oO aa z= — re wr Oet = 
Oe o e < © ee S) — FEO o om med — 
e @ ow «6D qt oan = De em = S090 oem ~ Omit Ze OA 
<x Go a ® = eet 6 e@ HO D+ OOm = HH © ome 
qt ww >—- Gant Gk @« > @Me eo mom iY} & &O jw Oe—WwAd © W 
= ee Wt Wt eH Wee GO WO LWW LW eMNaeOWmgde ~~ eo eri O 
ey ed Le) Co) Cx ex <>< em i} el ew OZ amet @¢ aw AW YWeeGeD + 
+ 0200 YY Fed SENMNOe MW ow © of Iu 8 CLWU HAM Ht ZMNZWew e NS 
x OO 2a ASS Se K HL GUO ZLMMMOZILL ef He eo mtb CD I a ie 
Nee OOF Bem NY aN ZIOnOdMdS St LOZD Wat) 2«¢§ eyQAOZND IL 
Wsezmenw O —N tt AMYNMZSZeZENtOZW aenZZu~ I rooZzZzez A720 
et ed ee ee CO) wee ed ee OKO ft] ee PE md at meet nee ef LY mee ee ee ee LP ee ee ON | lt 
=i tl N ot S2zazto A — Il =O oOo = — ere ot OO ~ = 


Pe LL IL LL WILKES LSM MOULMOOMTLUILULNOUWILOOw JSULUL UL MOMAOA>xKULLLLOUWNL 
ZZ tat tat PNY tat) a) et tamed A at pat St tat et SS at tet SS tt et et OO SO et SV OO OO, 


wy sO 
ms 


92 





BWOoCoqoqoqooooqooqoQoqoqoqoqoooo OOo oqQO oOo OOOO OCOOOeO OOOO OCeoeo 
STWVOM™ DRHOSNMOLPMOOM DROSINMAFNDOH DKHOHINOSPODOE DHROSINMPOOE ORDO Ss 
ODDODODODOPE EEE EEE DD DDDDDODDANAARAAGARAHOCOCCCOCO0CCCC eas 
rm pee emp re med em mend em) deme ed emda md mem emp) md rend md ee pe) pd nd ed ed ee MM IO UIC CU QUI CUCU CUCU QUA 
ODODDDOCOCDOCOVODOOCOOCO COCO OOCOCOCOCCOCODOOOCOOCOCOOCOOOCOCOCOCOCOCOCOCO 
Peed Feed eed peed feed ees ee) edd eed ace meee ede h d md deee fd eeed ee ed mh ep ed eee Fede ed ced cd ee eed) dd dS) ed 
qdaodededddadd ddd ddd ddd dc dqQgdddd ddd ddd 
WOO OU QUO OOOO OOO OO OOOO QOOQO OOOO QUO QUO QUUOOUUOOOUU 


—~—) 
> 
eS 
~Y) 
x< 
~ 
== 
oo 
= 
WY am 
ad OQ 
(és) ma 
t= Ye 
—Y as 
Co az 
= - OES 
— Ww CO « 
N bee = mL 
NS ~ om] Tu 
=D = QW” 
— <I ~ OM « 
oO h— = -r 
o PY QO m5 
om ww oe WY —_ & Ze 
Tow ol ant a Ol eZ 
AW wie cs =O el 
eka 2) mle 2) — r= —O 
oe ec ® eed ai Ze Own 
eat 4 Lt) ~~ & a. ell No 
| | ed Pant met pa al Ze om 
oamd pom ~— ee || Ww On mi D 
eo OO— o a a> om 
NN —usr © —~— WwW Fe) rm (1) = UY) Yea 
~~ @ _ ec UL ae ax Y/Y) 
ke ~~ Oo ou —o ~ ao a Nw 
mm) moo~ io ol ad a = OO e& cm 
CO. @ Ma « mn e+ w- ~ WwW Om — 
——— SS met HE 10 — ~O “IO N 
e®eQX 7 OOS ww tH oT) Om Ws 0 «eZ OOD 
e OO we ~wil) Am M—= 2 SY ~— @ ow wD) MoI 
= © ee = Wwe = — bt || Wo Ut we II Ww <{ Qe 
7 OWWOaA ~ fete Il = MO Owe Ore bk LL Y Rit UL 
ON RRR DO Re eC OFFA LDeHMN —e WIL — em) 
+ W samt Tt wee + +t KEIM we oa | Ant SIH 
am OMr*rt QA BSL Qa INDO «® Fe = SN um OO S>eO WY 
~a OSsEm~ & Qa Km Wt Ome + ml Cae . exact 
ots en ww Qm et SZ © OUI aera m=) = ie) 
mee ee 1 = NY eet tom cn er CE Ot OL OO em x = as 
O MNO Cmmm est te e ee OW om eA ONODT SH ea Aww @ Ame 
COm 2 ee eGWOnO0GrFas] A OO O tWOrws>OWee Net Now © OW Ne 
WOoetrowkeWOOMrWwoo Zz iil ° iT WW WO emit p pe mt Ow Wr UJ || tu e ¢@ 
Nt QW enrenreenen ~ =~ OC em eN~— eRe Ss O00 NOe 2w OW emOWFD 
Orff ee eMOOOWWO as 7D PC HORMODANS—OZ!1 ¢ OO wr Or- eZ D OW 
~~ Ree Sew DOS It Oe I I KOS UTS DOOMUS MY ect pape) a) OO nS 
WaANAAaAY GO mt et em LANE Se Oe HH ZOE OwWOnm2zZzZ 


mm 0 Joe Wt Se ey eo er toms || KOO KI KENNY) WMO INO Q 2@~222 
SN eee SS OM I OR ewer tt SY I I] ewe LS ECO tw Uw Ow ZS 
ww 4 bt ha bene ea i SU ew YON ll On Cuero wa W ~~ 
QWLLLLL YY YCUULYCUOeS Idd Yo COOUMNL Dee NLOMW SHUT TU 
SO fe et et et bet TS TS es pet TS a fm) LL) es OL et pre ret OY) et et DK ee LL me LL et fe et et et 


= 
a os uw 


93 





ODOO0000000 
NOATWOYODOeas 
eat eed ered pet red md eed ot NIA 
NAAIAINIAIAIOIAIAS 
MBS Vlelole(erxe) 
eed ed eed ed feed fe eed ee 9d eel 
Ioqdqqad<ida 
OVOVUUOVUVQU0YO 


-THEO(I,J)) 


J) 
J) 


OMw~OwW e Lj 
YMWell tacdcke a 
fi-——OOQ il 
merited SS 


Seee Gee ecoomtOoeooceoCcCUO COC OoCCC Ooo OOo ecOooO 
OE DRAOANMSFHOVOP ODPRORNMSODOMH DHOANMSTNOM OM 
NIN ONIN OD. 09 69 0 0 OO OD OD OD SP PS EE TOA AAA ON 
NANNANANAINANANN ANN AIAN NNO NOOO AINA ON 
Slelelelelelelelelolelelelelelelelelelelelelele( el ele] el eleleleler®) 
jad d sd I I I I SH I I I I I I I I I I I I I I I I 
aIaadadddadd did td dd id ddd ddd did dete 
VOU OQOVVOOV YOOVO VOODOO OUO0 OU OO OOUO OU OU OUU UO 


— 

a. 

it 

ae 

a 

= 

a) 
° a 
= 
"W ~ 
oud ct 
- ” 
- be 

a. 
— z 
= e ‘canal 
Ce GyeeO: 
a. us UI 
x< e es 
e al — 
2 i = 
—) Cent 
e Ce - 
— O 
= e =~ 
ae? _ om 
Qa e © 
x< = e 
— e G&G 
@ oy w 
Q Ww e wy 
ad ena) ° 
<I Qa aa N 
e Wi - + 
ee) = =O e e 
=O ~~ | O S 
Qa lim OZ N 
xO fa ae tg + 
@ bn | © e a 
ad Getty ite, e 
Om— =—OO 4 
enon aes e ts 
~~ @ eo e 0 = 
Oe OFW aa 
wlWLUAJJjWJU e@ JAQ ~~ 
Qe eillO ¢ esa Il Il act 


e ofl at 


wr 

e 

Iw 
O+ 
lie 
—O 
xN 

N St 
Oo == 
fi Now © 
x<lieo 
Ix = «6+ 
ad a 
- =m) 
Nim @ o& 
ONG 
@ oll) — 
b= 0) 
OW oJ 
e eOct 


*XOUO I Il Oe + lea tO ZZ ZaRuL> > aIeKxKKOUNNNGS 
mOw ete Mw PO RNNOW I SJ Re ZS I I Ee II Neer 


CS 
ee] 
we 
Oo 
l= 
a 
o 
> 
o 
emg 
oO ry 
wat = 
<q « 
WO am oot 
~- o> it 
ey ~ rome 
= ~ Cd 
~- O 4 
cma A 
oe — 
uy uJ ~ 
& ad a 
=O Coan 
~ = & 
== =| 
o_- = 
Ww o 
rex 
eaa 
- Zz = 
<< ° 
wu = 
Oo 2 wa 
a e @ 
— el ~ 
-— ww 0 
-_ e ae? 
2G 
N ONZ WwW 
sO ~Ot - 
Wa ~ @ @ fmt 
NII ———~ 
=i ones 
4 OOIN 
— eo @¢ SR 
N= om ome LL Oo 
OG WJ 8 
Cn Cm «© UW 
FeExKx edY = 
CO LUO be be Le 
ee If ae OD 
e277 zo. 


dared) nenee ea? ee eer tert (| | oe VE CL we ee ee ee ff ee ee ee || ee ee ee 


~jOw l~ J 


f———— IS II 


—> Il 


x II 


NI 


eT ae 


SSTCUUU OJP ULL O JUL JI JOELL I> XL IN ee LOW 
OY a Oe ee dd ne ee) es ee ee 8 ee el) el Pa Sel Le 
= 


) 
= 


94 





DO OOCO COO COCO OC CO OOOO OOOOCCOO COCO OOOOCOOCCOOCOOCOOCCOOCOSO 
OMINATWIOM DRO MNO PFIOEH ODO NMFS OEODOSNMOFOODEOROANMTNO 
ODODODOOOOOE EEE EEE EE DODDDDADDAODDMEANAARAAANHOOOCCCOOSD 
NNNNNNNOINANNNANNNN NNN NNN NNN OOOO NN NON OD OOO OO OO OO) 
Pee a OOS OO OOO OCOOC COOCO OO OCOOCOOCOOOCOCOCOOOOOOOOOCOOCOFD 
a Jao J I I II I I I IS I I II SI I I I SI I IS IS I I SS I IS I SS I SU I I 
adddqadeaeecdacdacdidd deed dsicddndqddedddd ddd 
UQVUV OV OV V OO OV VOU VOU OU UVU OU OU OOD OVO U VO OOU OOO OOO UU0 YU 


= md | 
Ns | 
ee oa —™ a 
Oo oO © oO 
WwW & = & t~ 
co x< o x< e 
UL = NU —“ MAIN 
jag o and ~ atnO 
—— x eed x< e ec 
=a < eteqil! <f rat HUI 
=< ae rice = ua 
_— & —_ by =| at =I 
™“~ e eam o ‘eee 
elu) N oO Freee UL N ee 
S) N =~ < AN © MN Y= 
o~ NZ wwe Sy weet 
aly ~ 0 e& e « = e 
~ eo ~ o> ofOo > B&F DTH 
oO ~ we (/) ff «¢ WY Cs f“—f e 
= — ~ LY (med ee of jms] gy wy eo whe 
- tar wor O0O® Lta~ ova 
Lu Lu NU - A werkt OC. ALY wer tae SY 
= aetDO — — —_ eHDnO ~~ 
we be eeqg Zo Wi 2 OQeete WU e 
Owe etestlli 77 => me Set eee 
~uU = tie aw o rant bmg eH tics ee O 
ae rt bat * -~© Cae e Orie } CA 6 
=) ja ome ee oom mi om >< sre x< © amo z==z=o 
([=— andl melee ~ Oe N Oh pam N 
We © AMat iL {ms amme NWSI am 6 
—_— © —ewe @€ C) eu aon Fw ews 0D eS 
OwzrT mom (OM) & Ue ypete eee Lenni) oe te 
Uso 8 8wot OU °O CWre OOt te Cur CS 
Tw re Il yh ee (ol =z WOQ 2errRZ WOA + 
Seis = 2 eUAae= +X oO CD ==) e om FD & eQe eer 
= {yw HOO SeVOO 24a mie eee OO ORION pe ee 
<a i) ae Clo) eu ° et 9m oO YY eLLin 
a=~ITO ew Om KRPWWOrZO OU OwwOWIWWO O~w~~ Ob = 
Zee Ee Wil Zz fm fe ZZ eter Ze 8 te he he Soe 8 ler 
kb | SWI Omni oo qq 7 ererdodteedsy eede 
~O wOMee OY *2=ZO me QOOO DUCHY *AOOO eset 
me MO oO -—O sm HO = ~O eeme SEM 0 om 
<a & Im 6 om em YY) Lh tom Ml mm mm OD e eee ee 
YO {team ~awaoe ell! Comm et fm SD SD mt we mn i mrt Nt 0 (OD 
Pastel mMUOOOZ Oris esin OZ etTrMIl Oeeee | MF eM © © Oriw 
AM eOd =~ ell © © 0 OCF OD P+! mmm OOOO © e eae eOOW es 
Zmereeewte mH UU om OO Re WW ee OULU eMOWLWW SO OU WWW 
it em fe eT LL) (U~SW Ww etd WIO eUte yo e o emt e(Di e @ 069M 
etme (9 JS WZ eMAW © e ew OR C2ZZ ell—~— ome NY © © OLY © Ohm pK OL) 
e.° 1Oe ew e Dee TOIUDOR RS Saw HtOAVMOrROAOA TOO eR Ee rAaAa ee 
oOo mu TC rWa ZGETOZzTPwWTZZOAAVOSTEAOOWSsWAassOvuvaavaarrvudwv 


nou ee Te ROW ee TR HOR OU HK OO Ze ZZ Oe eww Ot we wer 

aei it i teuwuuzen = S ™ ~ 
= SWWOOLLLeLWWOSMULUOUULULU aU aL LOMUU UU UU 
form fmm ted CD LL) ame nd mt LL) at OD tS bam LL meg bet met) ba pe Dama part me (_) bat 7 pent Pat CO) ID at Pama reet eret (_) barat met barat at bat Dred ey toed bn fort 


+ oO ro 
~ ~ 


95 





Biol CoC ClO oo Cc ooo qcooqooqoooqoqcoooooqoooqoOoooQoooOooooooocoooeoo 
DKOSANMOSFNOMH DHROANUMSWOOM DROANAMPSNODEDHORMNMENOMHDOQMORVNARA 
CO St ae Set tet SOON ANNAN NAIA NAIM MOO MOM OM OO OO SS SS EE SE TLAINNOO 
AOA MMAOIMA AM MAMMAMOAMAMNMMAM MAMMA MAMMAMMAMMAMAMAMMAMMAMMAMMAMMMMAMMOO 
Sooo @Qo ©CCOe CoO QOOOOD COCO OC OCOC COC OOOO OC OC OO OOOOOOCCeO 
ee SS Sy SS I os oS JO I I J le 
Idd ddd ddd ddd eddie dace D 
YOUU UOO OV OVO OOOO OOD OOOO OOOO OO YOO UU UO OUUOOU UDO Nw 


= ~ we 
e e 
Co — <O 
” - Oo UL 
tom ad wo ed Oe ~ 
Co Co x< “Ne “Ne i 
m eo © » + 4 o ow 
— Se mu => w x< 
- \ Oe e& Se eek 
- e e Oo om = Ee 
=~ © WY — ® ~WY) o 
© Ww Oe ~ KZ io» 
o O LW aoe UE pet LL) 
ee z as —_ o NO Ce 
© Oo < z >= <t - 
a ae uJ (Qjse ty Ly » < 
Oo -—S Us .0 ~ oc < @ 
aM © ee + = tm (s) i 
oO -_ oe = e n_ eo) & 
= VW a emr ee On >a) & = 
Ke 2 OMe -=> wh raz S 
O D heZz & Of * «> Omen 2 
wee ALLS coo ea x we iL t»-() & 
=> Z2ibe ZY et Uje et#Z D 
he Ov YF 2 « lane ion - 
YN ee Dew be >< aur LL 
= Ww ele RNS e =o SK = aX 
O F- OFD wma ~ ae bOO 
1 Wb est <e rt ~ 
QO WwW nA O ~ o= ZzDe Ww 
Qo eat CO — Xx «> eitL & © ~ 
Ie Wet ZF &e NN “WY CoO = 
YIXZ tt oO e ze za eo: _ 
eC ec OOm Za Oe r4HUIco  W O 
CeO as LU ES oe mix r= ue maz 
=a bh wb Om Odi Oo —OoON Ode = 2 D> 
= ef <atz tb HO ew Tae bed esus 
< I< © +O are ~ Ie C= 2 © 
Oo EeReamUS NOK xX wf ZS Wen ae 
< Imi aK YL) II —=O a XK aD QoacnN = ee 
a~ON mh cee e S<e ao ON < 
~ «OO Mm MWe Oo ms OK FS ~Me CWete OD -—OO ~ 
+r OWN = 9 —  e> ew 2ST W ™ WN 8X w OY time OC =m om 
N O DODO™!M «=O e ee Zz <WeQe - ee & & alae 
x eG QAO eX orX< < *«D te ZZ Ace *OZ"OrF- 
- WE zZueszhL O-rewe) a ets oR We KO eM) ive 27 
st wat od et LUE CD » dSe 4 ZKXNOWWYMWOADYI 
ll OoO@ a aD eelcgqg 2 M4 ~ oe OOWENA te eo OTaAo 
mm «<td WW e e DQ WM =e «<x «KO me OU LLOO we LOS 0909 
~ W =~ ctr 1} NS de e Ne Nem em eNO - ~~ 
x Ca ENN = —=—-— < em FILO Or <f oJ JW JY oJ JJ 
Lu JI —- es - OZNEZO B8@ Az e OO eg Sede SII Z eI IIIS 
~ OO ee eens ODHzZ ~~ tes OS DD eid Oddaaad 
ee en WNNewe (97D NefTsCaetANeLn NPFOUOYUAOUDUU0= 
~~ AWennN <= aN 8 FOO WL eA Ww ttlhLeine et = 
oO was S SaxmMmod ee eT een nO OO f& < 
fy W eftlLe - IO ext <NX< wx << >< © 
ef 2Z eX QON eNO oe = NOMe Y east iLadte weewzenwwe © 
NSO pm 0 et Oe me YY) we Ye we Lf er we —t ee ee ee ee ee ae OY ee ee ee ee ee ee et Se ge 
—YYI~ — * Wim X< Ww x< 


HEO RRZEZEE I RRR AREER oe RR RRS REE ER EER EREEE 
WZOdWdtdededq edd ect -Caexaddard daaddadtaaad 
bee ESOS OSS] eS SYOEMES Sass’ SSS eee SSS Sf 
ml OKO LE KOK AKL KK LXKK Keowee rrerrrexre¢xvroa 
LOutroo CG GOLCOO LO-O00 LOOOC= O- OOOTDOCOCOOOCOFZ 


cee StLibe thew Li PP Lh (](OLL ELL EL th OLLUEL ELL om LLL ELL LULU LL 
— an aN all a S 

© 

© 

N Ooo ~~ OW ro N =O DOMmO MW FOOrFOWUSONNAO o) 
ond ono Om OM co oOo wma ~-ePrn~ ~~ YFODDODOOOD0O0D OW 


96 





SaooocooocoqoQoooooqooqoooooeoCoooeo Oo OCoOoOoooOOoOoOoeOooCoeoeecoo 
TAPFIANOMH DROKMNMSONOEH SOO SNGAFODOMH DHOANMSENOEDHOAINMFOO ONO 
DOD OOOO Ke es jd ed et et ed AI ONIN A AI AN ON 09 099 0 09 09 OF OOO oS SE Se TIEN 
Sao ooo Ce oOOeooOOC OO @Oe@e GOO COO e@oOooooeooodoooocoooooocoeo}o® 
Sooo oeo OOOO OO OC0OO00 ClO oo oooooeoo ooo ooooeoeoooeocoooceoo 


AMDNDODADODADDOAODOADDADADDODDDODDDODDODDDDODDDODODODODODDADOOCKD 
=) ==) =) > =) >) >>> >>> >>> >>>]>>>]>]>5>52>>5>>2>>5>>5>>5>>5>5>>5>>5)D>>2>>>5>5D5D>5> 
NNNNNNNVINNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNNINY 
— 
uJ 
f= 
t= NJ 
wm oe ES © 
= x< uJ - 
oom wx 
© * O 
mae © od 
<< VY) oo) 
i= VY) 
° <> We 
x oOo Or 
a= r= 
oO or Or 
age LL k= ud fl 
OO uy 
ee © on 
— Nt- wD > & 
a) am wy IO 
= wEs~ ocuWw 
ome >- <I ww 
-— & WwAa <O 
one NZOD = 
a LL — © mH & wt SY) 
~~ Ne Nor << 
-e —Y mre = O mA 
tk ai=z7 eo i 
(2) = re -x< o= 
om uw AIS aide 
~ had Sea > Il 
S WO J eas —_j m= 
oO m_ et aw Ot 
ais < CDW QO. ~ e 
~ WL ZHOU Oo 
a w 7) >< LLY) Wu # ~N 
(aa) oO red iL] OF Om _—— ~ ~ =~ 
en Sto — f= 8 e ee 
bad <x 8>uw > id - ws AIN 
ue Oe =q@MV e [a 4 1 1 ee ns 
) SZ “pledrle< LL) 3 ~< = ~ uu 
YM AN We *= rq © = <I ret bot 
ae Ze OS ke ' « oe Aaa 
TIT TO ew e eo Qa ~< — ce 14 
o = WY) w oo oO ey © — <I == 
Oo O27 — eIIMN ~ mf + ~ >< OK 
~ O mx & el on) Li tt — mT VW) QQ ee 
uJ eS => oO oe Pot ome 1) SE om -~ -— O + 3 oa 
ZL > <O>>x<~W NI am LO eae Ne O == Oo 
W Fey eZ Naa “AH OwN — PHT) HAN eee ON cro aed: eS) 
oO C fSeSan> & mh) = OS to am aS HAt cw —) 
QO nt a — md AO OQ Oh Et peed et eed ee ee 
oO wu eNNwelW S OFN + CLL ete TT me Tt ee rt et et eet zZzwn” = 
e> KOT OLD = KO eK ON BO DK we Owe ew em =) es emvG) * e@ 
Us KT eh i Oe i Oe do Ie Ke OW CO RMNOUOO OU 
za DY fkeM] CY Saat SEK me ETN He Or OHNO 
— ond Ss~NOW sO PS SOW Ke Nee ee tO ee ee 
ke <> II O DQ Tete OE Ne Tem ma MOT 8 HANNO STINO 
DS Spt SZZMaBi DOW tf UW cme me HN & MLN et MU} ee meee 
OO WY OODZIKZZONMX&K IW eKXN © met eS wm OSS eS eT KH QVIMMMIT O 
x CO SSD Ly LOT yf Leet et ff meet beet cet peed tana tet tt ted tet tet 2 TY | er er er ere OZ 
DO AB SHB SZ LW SSX Ih Sa me ae at ey tt tat tl te ed peed te et SU LLL I LU 
=u OO Or pre IL TD re tet pd YD fame ff tae Pa me se me me te ne ee ee er ee eet FO IOI OOOO 
YM OW QOVO——= LYRA MYLYOVCOmRKOea CET LTLTTCTCCTCONKOLYNNNNNNS=S 


or az ze F8 QO 
OVWVO SS OO me OO N © 


s) fl 





Soo oOCcoooOCOOOCOOO00O COOOOCOCOOCOCO COO COOCOOOCOOOoOOoOOOoOOoOOoOOooo 
FNM PNOMHODNOANMTOOMD DORAN TINOMDDORNM FIOM DHRORNMSTOOM 
WILLA LALLA OOO OODD00D OEE EEE EE EEE DD DOADDDDDORAHAHAHAHHH 
DOV ODOVPO OOOO OCOSSCOSCSOSO COCQMCOOCOOCOCOCOOO COCO COCO OCOOC0O009 
DODD OCGOOCMDWDOVOVOSCOOSCSOO DBDOSOCTDWOVWVDOOCOGCOVOVOCOOOOOOCO0O009D 
DDODADGOAODMNDAAGDADAAADGD BDOCAGHOHOOAMNOAGDDDDOADGODODGHOODAGDOADOADAaN 
oe ee SC DS DS Do DD DD DD DD DD DD DD DDD DDD 
NNMNNMNNNANNNNNNNNNNY NNNNNNNNWYNNMNNNNNNNNNNMNNNNNMNNY) 


K 


— = 

N Ww 

Lad = 

N 

~ w 

U O 

O UL 

Y 

e = Y 

= uy al 

N Cy << 

oe = v= = 

| = = ® 

— = oO N 

LL oe « z + 

O SZ -_ ~ e« 

~Y ~“ + =I Ww 

« al ad @) Oo ~ 

a —_ Ss ~ ~m~ 

« =z ele WwW — at - = 

N oO vA = ~ ~ i Cad Oo 

om? = — co = — “~— = 

LL = N = ® N on ~= (¥) o 

WO W & w cmt ote woe Lo oe — 

WY els ont Ww + a at a on " 

« b= os Ag cw a et = V) wor ae) 

-~ ae W oe wk 2 3 UL ~ 

a Ww Qe UL OQ -— IX - moO ~ 

« = —_ © ow = ¢W “| NM text 

ed w 7 & -_ ~ seu Lim so: <— 

LL. s-oOore Ww ~ *# OW Wr w= 2 

WO Oe ew Y ~ qt fxr NO ww co 

VY) OxY=Et ~ rc OF west Ur ~ 

Z2aee Ww e i 1 ww nn--— 

© => Oo Saad + N FO fe ae 8 OOO 

Be eee xv e el Orn tt WRAL 

os HOD ew uw wuwia tal ot ee ww eZ 

Oo = +O0O0 eo, a+ — =e OK MOD LWUYoOr 

pace Wa eww ase Sew ee Se OL Owe 

V") mH &O “ex Oa ee = Li OWS bf 

wae oO Ou WW WwW Nw HAHO WH OO | I uw 

fom twt ff tot LL fe fm QO —* m~ end -O NN ae t- 

met YY) © eo UL, 1) pe et et Ce =e Oey mi) +t any om 

LY= 2. LL or or oO oO ze ees ey En —— comm 
- = Of Wes Ce ae OD SZ AN Aas xX 
ol -— OO Co o= m= ++N STO — en +e~— 
= -¢%= Od= OO Me KR RHE RNAI DNAS 
—_ th > al = em NY WtAaatneTZ2rtTZxKxn swe Khe w OOD 
— (Wn my J +Owv eo] | ZOO eee et he we et | W*ILU<fuibad| e 
= == a x< “mM @¢ @ SS Fe wee et ete eH I ee QOOU ZOO te 
« VWs e el & Woods euWjlWe WH Sie met OND OWS ePID 
ont OI>~ We DO ~GCIA+¢O000OTNACas INN TW ey Lait eo lm 
u mt OU) ee Zr il ZO W* (OO WE FeHOW KN am De ROR eee OF 
a Ma eOene CA ms TF) eF7ZOZ nmr TRY Bese ITS) WVNOw teas 
ze LOC tnNWYA WWOZOOZH VM I] CH mets ON TOE HW ewe eee OMN+ 


| HOOSZSIMEO 10 KD HOOK OAYYR AKO +e ms eoSTe DAYANA Y®MWON= 
Ph OL SO we wee 0 Se ZN a WL 0 we wr TWIG II pomat pooet teat (_) C0) wee (S) ST ee ee ee wee bp er = OY 
rae | Kee my Uu VMN YOQO HNeevon i Se pet bt UL Ws th th Ue i 
OW =HLRELOMLEO I YY ZI ULL YY NOOWY IOOM we ~~ DOU RPQOUDUDOYCELELS 
Fe a a aa ee NNNQANN Sez 


WwW © << WW 
me O O 1a) a 
~ 
WO O OO oO WO oO - + oO 


98 





DDODDOOCOCOCCOCO0C0O00O 
DRHOANMSMOVDOH DHOMAM 
PROODOOO OOOO ea et at eet 
OO eed ed red red red ed et red peed red ed eed ed ed 
Slolelelelelelelelelelelelelel® 
aamMMOMDMMOADODCGaADOOna®d 
>> => >_> >_> 
NMNNNNNNMNNNNNNMNMN 


+ 
e 
© 
— 
WwW 
~ o 
ea rf 
N i 
rs CQ 
pd 
pd 
etc e 
+ a 
= ~ 
° + 
=i e 
+ oO 
ee = ae 
a) a Ww 
tt oe ~~ 
~~ t = 
~ il 
e wl co 
>a Co 
— 
= oom 
LU ~— ~~ 
oe —~ im @ 
e 5: ae * 
~ od _ e a 
© + mm = 
uw = + 
ez — = 
> ~ mo” I 
e -~ Elsie 
eC SHA VAN 
<q CZ om C6 
we OC) eed om Co 
Wet mrt - 
bh CS mt + FS —_— 
I COaerm=zox ro 
= S) wer mew OY” wow — @ 
ow + De~N *O 
LUCY omen Sf pe em eee 


IlxK YNZ || Ww 
Sate 0D we &ZO 


pw ietnwe | omer 

a1} cCccinrcrcrte N 
Wit x<u tom i it it 
fae don SS” cee ete pee OO em ae ome 
Lm Neat ONAN OE eZ 
Cc mse eS ee ew oe 
LJ ee ff tent beet tat beet baat Pet a SSS TD 
ZO ret ret et ed at et et CY OL = OD) 
ao Se eS 
UJ 


a 


0000 


ooo 
© 


O coo OW 


DDODODWOODVCODOOCOOVCOCDVDOOCOOOOCOCOCOCO0O 
TUIVOEDROANNSTNOMDHOANMSENOEOTORNM 
wed ed ed ed me mI OIO OA AUN OIA ACO MCA A EON OO MCA St SS 
ee ee ee ee ee ee ee 
CoCo oe ceacqdoe eG eee ooo ee oe! oeocec® 
ADDON MDMODDDDAMDMDOADDOAMODODONODOAOODNMOOc® 
SS >>>] >) >]>>>]>]>> >>] >>>) ]>>]>>]>2>> 
ANMMNNNNNNNNNMNNNNNNNNNNNNNNNNNNN 


SUBROUTINE FIELD (RS,SIG,SOLN,NBD, BDA, DGN, KBD} 


Ort 
uw uD 
ae) {S) 
eo ao 

UO +m 
Le j> 
Ovatwn 

OQ e 
Warea 
D>—W = 
HI 
<q> «A 
>OOW 

Or 
Wea 
Deze 
re Ow 

SoZ 
MU JU 
US p= <I CD 
Keaic= 
Iz WN 
Sot = 
ad tC) 
aq w 
Pw 
WOOW 

el et 

Om el. 
a7 oi 
UL} ms > US 
SOWIO 
LL Oo. LW) 


ON OYVYVO 


oo 


om > 

W JW) 
NEG 

a 
Nim Y 
aS 
Ia 
T— om 
QO MN 
Ivan 
I om ww 
et eS 
<x De 
Z=eOW 

—™ >< LL 

m—t Li} om 
> or 
x >N 
=aInwn 
XL Sw 
hex 
ox Zp 
KW WY 
=wvWM ee 
= 2 &U/) 
— >K ome LL 
WS OD 
KO>OW 
IZM 
SS et ie > 
ae I 
ens OW 
<xO=OL 
aI<st> 
ZEN 
mS COU 


oO 
BINIO Il 


MX*6 


9193 


cow 

tC\ -— 
~MO 
COLAN 
wow 
<I 

wm 19a 
oe tAN 
+ NQAad 


eIM IH KS LT 
on Le#wWHo 


ZZZ—HHCOoOOOCWNoOaceH eo 
OoOOZwIxXWH it boo Zzsatazndt 
SSSWIvueeRe XK aKa yO tt 
SPETTHORnDDaACeSHTUuoawaci=it 
OOO kK FE ODF ZOVDWLS Keo |} Se XK 
QOUOs— SYST Y~eVY~AAIWAdSErero 


a 


= 


~< 
<< 
I= 
= 
mt CL 
ms 
x 
=ain 





QYOIQONVS)LSYS(S\SlS(SV\eveleleleleleleolerele\elelelelelole)|elelelelelelealelelelelele)e(elelealexe) 
TINDMHDNHROrRANMSPHOM DHOANMSTNOEDHOANMTNOMDDOKAINMSFNOMY DDO 
SST STMMMNMNNAMNMNNNIN OD ODOODDDDOOOEFEEEEEEEEE ODODDDDDOOGM 
red weed med sed reed rt ed red end red ed mat ed ed eed ed ed red eed ed reed ed rent red med ed met red med red rd red ed eed ed eed eed med med ped ed ped ed eed ed mt od 
ODD DODOOO COC OCOOCOOCOC COCO OO OOOO OCOCOO OOOO OOOO0O0O00000000 
DONDMOMONDMONMNMODNOMNMDAMANTMOMNMDBMNMMAMDMNADMMMNMMDDAMMMMMOMOMMOMMNM 
==) >=) =) SS SS > >] SS] >>] >>> D> 22> 2D 2>D>2>D>2D2>D2DDD 
NNNNNNANNNNNNNNNNNNNN NNN NNN NNNANNNNNNNNNNNNNNNNNWN 


1 ORDERS OF LAGUERRE POLYNOMIAL FOR GIVEN M 


> ae 
oO 
a | 
UJ ~ 
> + 
mm «=O 
5 met 
Ge 
ce Eo 
=~ oO —_ 
Pe WL — 
e < 
A YM OQ 
+ —- mo 
a a — ee 
cc uJ = 
~— — —~ cc 
~ Oo @ uw 
LL LO « = 
~ LL 00 aoe + 
@oe LL XZ we OQ Y~ = 
= AY) Oe ol x cc 
+ ~A0 MURW load ~ + < 
+ fm vm |] TT < <_ + 
= ac W C~Y COrmmtee = QO oma 
ao < x GN - “vo = oOo heat 
7) i oR a) Wm =O =) i Ok 
Oo = oS t>~— OF -— O Y Oo OxwW 
a a ce a aA ONw~nL Oar 
Lu << uJ oO -—OrF> qo «= =< ~ + << 
ae eS as rms " SPAWYHW —-lLoO!lxr~+X¥ & N —Ne 
OO+ ~ + & MVM UdMCSS aeODe XZ= ° =O 
x< pet eet <I md 8 la Oo aoieie NN] =e e wWWWOO 4 Ge OUFt 
< ee NN IO ase © CWO ew ero WW UTOmW+— WwW one 
= oOo ~~ || fe et WOO WeDo seaeMW 2Zm— * Zw LOY NUInNZ 
ar oH il ZX Y ZWxKxYwr iE ~—+ ese ZT msi reOY AQAunwilo 
il] tm @ emi OU OO ud | oer Ow) ESYNFNIKOW W I 2— Oe *r 
SK WPAAORMNOZODT ¢ Ull aS UyvnNyvvw «e~YODM”N= QAOxYWH A BZWEwY 
Zeer y VaR OZZ SEN we Awe ZF OG UL ~~ LOW ZW ZEYXO Ow YOY II 
SOYTNNseO SPI NWOoOWwWwaS mW YCODIM I Ml q woornino aw~eaO 


Stee SSS WOR SEN Se MEL WOR HOE OF UML OWL Eero UL OO 
Sea Oo ee ea eee Me OO 
O 


Ww uu a) ep) 
oO OO bf oe WO QO 
0 w 
= ON a OO oO O om O + 


100 





COCO COCODDOD OC OOOO ODDS SOO9D9DD9D9S9SOSS SSNS OGOO CCC SL Ss 
NOT AOKOPOANMTA DR OROANMTN OR DROANMTNOFDROANM SADT OO 
OP OROAATOOCOCO COCO FAA NNN NNN mo mmommoen 
aed ped el ed A et at RIOJA IAI INIA AN ANN AINA NNN ANNAN ANNAN NANNY 
COOCCOCOOD0C0O0O0000 COCOOO0O0000 aMolelelelelelelelelelejelelejelelelojelole: © 
DONDDODNANDDORNMDONDDODDANMDODHOOONDDOOH ODOM MnaNMNMOMMONDONOoOca 
B99 999 9 989989 999899393999 9999399993999 NN} RP DDI IB OBA 
RARHDANHDNDANNANANANANAANNIADNANANNNNNNNNNNNNNNAANAAY 


SMS 
ERM OF THE SERIES 


Y) 
NOS 
xO 
OawWw 
Wom «a 
“he 
oagw 
oO 
Ine ee 
Ox =->< 
oOZzy~n nw 
QQ Oet ad 
AKAS wWZ 
<Inx< YO ere 
+} WROOF 
J #OWTOY 
Ie JI0LT~ eo 
mot eM JW 
Oko acer 
re ZOw Tate Ee Mee N= 
HOF WNO <p WwW 
WO |) Wee re Let OW NY be 


+ 
I 
ABS(ADD/TOTAL) 


DER OF LAGUERRE POLYNOMIAL FOR NEW K 


CHECK 


1,KEXTRA 
RA-KA+1 


1)=STK(KB) 


TOTAL 
THE NEXT OR 


42%K+1 


A 


VY 
a 
Lu 
Vv 
~ 
O 
Ww 
a 
WO 
w 
Ud 
— 
LL. 
o~ <I 
“~ WM 
ec = 
+ 
= wW 
Came 
— om wm 
*# oy oo ont 


RK 
+1 
A 

0 

TO 
MS 
R+ 


we SO " “CuO 
ke YH Oo“Od ~~ oe Ws 

w+ WwW Sa =O 
Crw OF oO j= 
NE po tom ee ~ iw ~ sae 

% wl —— a O it "oO 
=*t#o Orde © of z pat at DK treo 
Qo (be Oo <_ <_— T= a uw 

{| «> m—x< ity > YNN= te eae 
ae-HAO MW ~~ Cwm Qa HHY CLC D MK 
O+8err-or Oo w-ext~ KS Ma =H = Wed 
wyrw~a+—t e o <eE Spam XS a 
Ir ws ow YY wn ce OwWxX Wt e 
}wOWewo Uw Ste Nee +), <a fdtrewO- & 
Ope sje se J Jo it eSNIL Sb 
Whe mv ey ¢<5 aetatdo SEV at tte “OD 
Otek -~wW Fe l= ahO WU e ite Orde 
COwv~wost De *ftOrCc4 eR SA Kas 
ONS OWE OxXON EK NNNOCS H+ WE or 
wwe eLbhe SW i Ww i x SEE eye KORY 


Harwyv~OoOrv~Ool~sesyy NNQYSENWENR=SD 


fw eK t XG Ywew waa oO. Sew eee et CLES eww ee” 


—- OCemaow ZY il Www~owrnNanH ile > - &x<e 

OWFK AoW YOOrr CWS aA MILUmLOOLCOOrO 

pe me > LLOLYNMNO ZOO Ob it OS tbe Ob OL Fm 
” uw uw 


a 
us << Oo 
© 
Om O onl O 


o=nanm tt (ozT= 
WSeReTSSUwSTOOrr Lu 
OZzLNNNO HLL OF NN be ett 

= Lu 
WY Lu —Y 


= 
O wo ea oF a O 


HOw 





ODOODDOCDOOOOOCOOCOCO0C0C0CO 
DOAN MTN OMDOHORNMSINOMO 
Poppers es FFCMOMNNNNMNAW 
AINA NANNANNNNN NNN ASN 
DODD ODDODOOCOOCOOCOO00O 
ODDOODODdAMDDOaMDOaDODOOMrawa 
=o) oo > 
NNNNNNNNNNNNNNNNMNNN 


we 
e 
© 
ood 
Ww 
Oo 
e 
: Il 
— 
<— 
bon 
© 
b= 
a 
=) 
Y 
e 
PAE. 
eed e 
oO » 
VY) o 
N + 
f= doe 
=) =a) td 
= Qa - » 
om be t tb 
iO =a} o >. 4a 
wm © oO ate 
WO oO =n 
Ze =} ~ iw wmN e& 
=m << eo = tae 
HK Oro oP > —-O om 
=Z=OrO <r Qa Dayrm 
~< I= = Oxme 
ome liom =O ww oO ~2az *O 
te Zo rz KO Oe 
me 0 KE = ~—@ i} W 
REFZEWwo WN & OoOx=zO 
Ke JU Se Ne ely es 
LUjaJ 8 «© eJjJ WO Ot O 
SMVEACT aeetaato wy x 
eer tree O ecte \ 
mews ke CORO S Rae ew~m 
OOre<OS eR <k& (> >oO 
@ ¢rW II Hwy STrOrkeea 
¥Y¥EZzByutfsszH aweuctaoee 


weet wee to ee Le <I ff SEL pe we OSSD 

mE FXKRFOD YererO 
LUEUMILOOOZTO OWLOOOW2 
pant peg bot pent fee Ce OL = OS IL CL) 


= © 

Uw Oo 

oO 

oO 

“ + Oo © 
— et Oo cow OU 


GOOoSoOCOCOCOOCOOOOOO OS000C5 
DORNMSNOEDROANMTNOM DHOANMS 
INOODDDOODDOODUORERERRRE RHE OMDOCD 
NAUNNNNNNNNNNNNNAININN NNN 
SOOCOSCO SC OOCOCOSDOSCOOO COSCOCOCe 
DDOOODDDODOAODDODDOAMNHDOAD DDOMDHOMDo 
2a SS] >>] > >]5>>55>5>> 2D255>>5 


NMMNNNMN NAMNMMN NNN) 


NNMMNMMN 


wl 
eS 
x< 
Demet 
Ww e 
ae 2 
= WY) 
® o 
Z2Zxv> < 
= oO oO 
us co 
“Ym OQ ~ 
he SW Ww 
a &- 2 
WW) <{ oO 
eed LLY OS = 
O>< ul! e 
mt LL — 
Low a 
waz Ws 
LLJ ms > 
Oo > win) 
Ou No 
Ow bd 
~ & nw 
Oe ft = 
~ ~~ UW <—<~ 
0 VW) 2) I em 
»x< oO << ANx< 
= Zaye SSS: 
=e Oc. <L nt pone 
= OwYIO e oo whet 
o Wa KD 
Q NO>O BPOL 
- eta OTL 
a OkOLt eam 
- Z2Zea> 20 
LL qt OO Kx 
>) awd B= 
Y) oo => 
& Otay ~~) 
a — Ss > st 
~ Caw «K>ULM 
D he OW ZNOM © 
oS MLoE= INP he NS 
yw w mt o@ oO 
o we oe lL) eS =O oo 
ee “wsZzrot xe x<N om Oh 
— Or DIEM ~ sy 
Wee OC Seow D> «=O + 
a) Dey TO iO WOOO -«—x = 
ao meow enw A <i es aq 
> = KEZOON SNe ES | 
WwW MWNoQuuw <= W <xMW KO Ds 
Paes WWM) TSNZea <I “jus >< 6 6 _f- ~_ 
ined —- Dw weOS TSHOAHSW aa +# 
- qa27z rt ot 7 tHermrsz i OX 
= DOM 2ZZWM Wo em © ete 
en) ae OOCZ™ <P N SS += 
x NYD STW eT VXIeKy Sweex 
@ >xvydtOoO SBSEDwOooOt WW TTA eS out 
=) LW LU So OOmea iH f= WMMKOLWUL 1 OO 
WY) > © YWOOADOCYCIQIOW MOO 
QZzanr 
m= coW) 
OQ 
Oo 
N 
OQOUOCVUU0OU 


iO2 





ODOQOOOCOCCOCOCOCOOOCOOCCOOCOCOOCOOOCOOO OOOCOOCOCOO0OoO 
WOM DRHORNAMSTNOPEDHOSNMSHNOMDRORANMST OEOMNORANMS 
DWDODDOAAMAAMNAAKPHOOOCOCOOCOOO etwas SSA NNNANA 
NAIAINGQINIORNI NAINA NO OOOO MAMMA OMAM MOAMMMMM AM 
DOCVGVDOOOOOOCOC OOOO OCOCOOOOCOCOCOOO0O CO000C0O000 
NOANDNDAOAOMTCODDDDDDODDDAOMDMODATCAODADMD MOMDDODODAH 
SSDS 2a) BS Qa BBS 2 PP >=) = 2 = = ps ee 
NNMNNNNMUNNNNDANNNNNNNNNNNNNNNNNNNYN NNNNNNNNnN 
. N 
® 
Ye) 
te 
oO 
a ot 
o 
oO Ww 
"| 
oO + 
-~ 
= | — bad 
ae + =&= oO + = + Cet 
=O x< <~ ——O O «~xX =O >< < ——O00 
wnt $e qt =a Set Ct see << SS mest OX 
~W~N SF CD ISN - S22 1-—-” a eCxeetz 'enN O 
LEN MBN DIO* Oo De DO 7K OM CO 
ji77~N <n em ww | a oe ww | om ex Sma howe | me 
RSE SEN e HRT WW ae FSO SseZTIMNAet +e Oe 
mtr OTK te ON OK te WTO TOD tet 
pet ee S) TD wer et et ter Yet ete 0D et et ter eee ZS 


~“OOYe +L 4¢2~O00RCeT— 


SEK ONK ¢MULU +¢25—05I0 


Let DMM M HHL + HDS KM ee TFN DE DDOORP Se Tt I DO 


woody MH Whoo oO 


rukroor NUNN 


Vu uwaovwaroa 


CN nrwOnNnyOePMLli tHwLtOOwMLt HWOWNH NOnmMTHONWZ 
ODDNMONINNOHHOMDOLHNOOQOMHODDOLOWMMMNOOSHODLOCWS 


es 


C00000 


SUBROUTINE FIELD2 (RS_SIGySOLN,GsHsSCF,DGN) 


TIME ES 
E MODE ON 


E 
E 
V 


NZON 


VOVVOO 





SOO COCO OOCOSC CO OCCOOOCOO OOOO OOOO OCOOOCOOOOOOOOOOOoOoooo 
SNOT DOH DHOANUMSFNDE DHOANMSFNDO™ DRAORBNMSFNOE DROBUMSNCHO 
COVEY EDO ET VO OY SS EE TLAATUALALAUAIWNLAUTNA OOD DDOWDODOORE EEE EARRE 
MMO MAM MMA MMA MAM AMM MAMMA MMA MMMM MAMMA MMMM MM MMA MMMM MMM Mmm 
Sea Ss oO OS OOOO OO COO OOOO COCO OOO OOOO COCO OOCOCOOOoOCOoOO 
DNDN OODCHODMDDMDDDMDADDDNCDHMDMDDDAMDDNDODDAMMDDMAMNAMAMOMNMDOAVMNMOMcmMMm 
Pee = = SS ee a oD DD] DDD DD DD DDD DDD DDD 
NNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNMNY 


ze 
O> 
mt <f 
“Oo 
[aia diad 
IW <t 
I> 
a) ae 
Cm 
—_ 
meWwWO 
era 
<b 
a WY 
oul 
q272z 
nt hand 
f= VY) bam 
<z2> 
O 
aro 
Qnmd 
— = 
hk &Y 
ON 
zZzZwwn 
Dea 
wt 
zat 
QO 
AO 
wad 
=O 


PS,»,MODE,~BOX,SD,1XeZ 
117,KOUT,MOUT 


9E 
It 
YM 


I 

? 

J 

H 

S 
393 


eS = > Ow 
N \ 

~ — OO 

= COunn™ 

oar) al = wow 
em LU O + IQ 
e+ x«KWY tna 

aIa> & <=zae wih™ 
=e] Sait NAAT 
mes OU © eMm<iIet «ST 
=rJoO Il ODw Le WHO 
ZZZ”w bt COTCTOCONN NACH ey 
QOooZ4gKWI Nth bs ON ZMet 
SVP VQ See KK KK KT YON 


104 


Oo = 

LL LL AL 

x aT 
xaIxX<Wk- I) o 
ISete me 
STON 
mt OC 7 $¢ NI we 


WN ff emt a me Om OL et eS 
me OS we OSS OS oF Il 


x xXNY & 


(I1,1)-1.)/3. 


I*DxX-DX-1.) 


-~L 
mom (1) Sh om co a 
OM) emet=m CSO 
ww OCT) SOC] em & 
Cm ert ONT AS 
mt Ted ee te ed 
eT ee Te et et et et et 
wet QT Se wee ST re et ee et we 
mJ} ell owt t 
Ite wu oW ot 
<Nrtitaem It 
Se) ow me IO OLN ey 9 


THE SIN/COS ARRAY: 


E 


or 


LN Lf tt NN et et et at et et et et et ZT 
SST TOR DD ARLE NY OQ WAS Hf SS et et et et et et et ee et et CD | 
COOKS eR ZEOO TT ODHL AL Ke | Ee KO XE I OM eee ewww ee 
OUUOKHHS EYEE YR MH AIqwadSECCOCOKrse—OeCeTLILTITrTrIrTrTmMu™ 


aa 


rt ow 


Ow 


Pi 


= 





Jolololololololololololololelolelololololololololololololololololelololololololololololololole) 
KROMNANMPROE DKHOKAHNMYSOOMDRHOANMSTNOMH DHOARANMOPWOF DRO KRNM TNO 
HS DWDODDHDDDORAAATADAMPROOD QO 090 OOO Fit ttt tet NINN 
MAMAMMMMAMMAMMAMMMMMMMMMes IS Stee teers rs 
O9090900690000009000090000000000000000000000000950 
ONDMOMONMOMGMDOMOMMADAONMOMOAODMDAAOMAAOADAMOAOMNMMMOMDOANDNMOAMDONMAMOONMOODM® 
ee SS) SD > DD DD DD 2 955 2525253725 > >> 
MNNNNNNNNNNANNNANNNNNNNNNNNNWMNNNNNNNNNNNNNANNNNNNAN 


WY 
LJ 
ee bed 
ems eo w 
= uJ 
za ec Y 
uw LJ 
> k= UL) 
Leal x 
Oo oe i= 
O 
cc ond Le 
O be O 
LL. <q 
= = 
i = ~~ 
<— =) UW) 
bod WY fF 
= 
O x ~~ 
= —_om e rs 
> cor = = 
— oe 
Oo 72> be WW 
a — we ale aie 
Le LL - = 
LJ UW 
oO MY Ww) uw 
oc * # ke 2 oO 
Ww) om =) 
= mee NS a am uw) 
%) Ss ~ & =o ~ SJ 
<I e 2 oO x — 
aad xa wast Ne? Wm & —Y 
+W WhL 0= 
LL emerge (OS aQax< WwW 
—e + | etN Imo 4 
YN NO —~ oe ~ =) CO fe 
a ce on igs S ord ee?) Yee <— 
WLW Ww Uu. 8 See mH Oo al 
fmt bom Qa ter ner) elo Lie Zz ow u) 
aA ce <n he 1 Wicd = 
| = © etme ul WWMM m= ell cw 
bond teat % w YX OU j | Coe ~ OwrF- F te WwW 
x x< + = Kel NN mil mC) + FT 
aa ee cc Wl oc HH ANLY Oo ee LN ONO & 
+ Qa <2 a IY ae oe YS j= a Wwez= ~eVHt 
== O i} ND AN Ae © wr WMre- WY 
a ae) © = ug +O en e+e en O O Oem OF WOT 
x< co a) ew aN KMD KOMEE (Lb) fered Ob) O Wye\edics 
= seer et << Oo OZ Zewdte~-> oe eA +a 
= zy" oe Wo Sele MULLS WY ~ wma + YOw | mNY +O 
2 e emi © e@ -~ Y~ LwINMQOOUMOOZA=S aA YY KL ~ @ =D JU 
e ORMNUODOO WZ a] “I TAY) RNS 8 COPSUWOWSTW OQOKAL 
Le wun ww a said) e eu eo eles |} West i mo Wee SCO we _ e+ Wm O 
it Ne meee fp et WOxseDt ssl —— ll mamnW © ZNwwre ZNO emagnmnZzo 
Sat SFLVO Y Zi be wth VAOAIMINO tO eH NZ mm i OZntwHoOKL 
{| me eerere UW) | oe ¢¢ || E= ~ oe KHL eENEZOmw i |W WOOF t= HN 
Ca) 2) se) ae nea ie ee ST] aAEWYW (CLYLWNAMMNDVMOTINTAACONOKXYE OWSWNI = 
mt ll eww wr wr OOS YM Wwe SZ ROO Owe wr wer we wt tw MY I TS 


SLU LL NL WOO WE SBODIMNA UU Wh Kel NNNnWOO ww a~atOroO 
OWRD V VOOM Sa Hh VALE HAE HA LOUOOOULRELONUW ESET S Zeta ecu rood 
QALNNNNNN TS ENL SC IH YNTOAAA POND St SH CLONES HN JOM Oe Ode 


O O OQ Ww) Oo <{ Y 
WO =) <— ~ O WO ie 
m= “I © 
aA ON WO oO =! ao Om OO tr oO 


LOS 





SOO Sl ele OS Ole Cle COO Qooocooooooqoooqoooooqooooeoaoooo 
OAANM PIN OM DHOANMSNOM DRHOSNUMTNADOMH DHOMAIMSFNOM ODOM Ss 
EY FY}. OF) 0. 09 0) OO) SSO St St St LALA LALA LN OO ODDO ODODOUER RRR 
roses errsr se ear rrr ree rr eer ree re rr ete 
SSIS Cia @) Cle Cle Cle 2 e|@ GOl@ @ OO OD @ @ OOO CQ CSG OCOO@GOeOoCcoooszaoe 
DNMNANNNOOMDODONACTMAMDMONMNNMONOMMDOOMMMOMNOMMMOMMOMMOMODMmgao 
SS SS) SS) > >) >] >] >>] ]] >> >]>>>>>>>>>]>>]>> ]>>]>D>>]>2)>>5]>DD>D)> 
NNMNMNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNNUNN 


SUB04270 
SUB04280 
SUB04290 


~~ 
= 
LW 
Fa, : 
ce 
© 
Ub. 
el 
ee —Y =~ 
x — WN 
<_ eo o~ 
= —|} om Y —) 
uw = ® Qa = 
a oO WN uJ _ 
Zz + == 
a ~ a UV % 
Cc J W oan 
u © 2 ~ ee e 
a O mal = 
—) O Ww <q + 
< uw = po - = 
= i mJ oO oe we 
= — =~ j= oO ~ 
Q = e Nc l ) 
=z co we =~ eu = <~ = 
_ > uy + oa et pe uJ = 
J J ee Ce as mL = rs o 
<< Q ~- uw - wet oe i 
= Qa. ~~ Ww Oo — FT uw baet 
©O yw Oe mm YY) bk = = e 
= uw) ee O ~ C= =) LW ES ze 
~ a + _—- se (UWiee a. ee a * wal 
oO a =wan %* OW am ° ~— oO 
© uw wen -_ I we © Ce Ca me Y 
<I =) —— ~ leg FG) mM oO O + “rq AJ 
ed Oo + ew e \ (x iL oom ht eo e 
Y < Yer -_- (oe) fe we — = + =>) 
oO | Cee + N xc Om 2 ~ Sd ~or cw eo 
<— ~¥~ CY ~ ~~ I <q <I ~ I~ CWO = 
It UL. be tL Uo m— mite OL O ox -~ _—s w= itoadr 
“ o w+O0+ — et DK wc) Se ce =m te KF=sOr OO 
oO Gt Sacra — wil OF < Cf eomm C6 f= Fe LU 
Ww oc NxrwOd xrI<—L bom LL ~ wet el == SR eww 
es Wes Ww He wee LU Nee % ate WW <I WO NI LJ e+ oni + WOm ihe 
WO eS =F O—t% mewn OYr 2 x< - Cte += Iv~oroxD 
ee ow Lome M=met CO Ke < = Oem = ew [Oro 
om >< © 1 *O= e — «> -—x > = as New uw ez <= 
Mu at Wwe mtewvit (YU © <v cw * + Ce™N <a <= LUO 
AO b= O+e ten mee Devaar <t USO eee se pe mmm I Te SO 
~WwZ x< COYy«KYY MRM ws eA +e © ~ aK FMNOVZACVNAN STZ ec 
CO em aw IewervtSt=aIZTr ewe ew < Sa e WOO ee OY DSW 
Of +z we we OOS OW <I LYS pet fe teeet ent Ped) beet eet eed (TJ ome 0 > et om 
IOov WA Cl et te te Se eR Ee Tl tet et et et OD Et tet Led UU 
— @ + UW LR tL he met CI Or CUO HS COUN fw ere fer ee eOY Seo 
Y I LW Ne AxCLeYaAI NI Cee ev OF e aA(CroWncrrrreve « uO 
oar + CORK I KWH NwYWOoOtE YD —F— SWIK HW Nenu wwe RPwWSy 
tle = OW RNS Semen TOWNE CO OO CRN Tenn denen emea= er OOm 
' © | Ww mW Het OHO OTe OY © Lm MNICUST INN) 8 Oe Se 
SRW Ce SOMO 8 mt eS BHR UYOYO IY SO se es wk ew ee STILTS 


Om + MUI KIO O00, KL YI IED Ih et mt eS ee we fe LL ee ee SLL LU if) et at et et et et ee ee ee LL 

Ww ZzrYyVornlianuadiut SL et et met >= VE WN et eet et tet tet tet toe SST O 

Cet VvewS PAA OO www KR LOCOCO UUW ewww we ~M 

Se ee ee eee ee eS OOM Se Comte Petrie merenS 
uJ uJ uJ 


a uJ Ww az 
< (Gy) oO “Y Ww fod ”) Ww 
WO WO WO lIVO Oor O @Ow) oO 


106 





OOOC090000 
NOE DDORNAA 
Sr ~rmDODOO 
tw99994s00 
OO00000C00 
anndannoncrdaond 
25555 5>> 
NNNNNNNMNMNN 


*,E10.4) 


Co000005 


SIOSGe CoGieaeeoQeqqgeoqooqqocooqoqqooqoqooqooqouoqaoqoooqoo 
MTOM DRHOANMSTNODMHDHAOANMTNDM DHORMNMTUOf- oO 
elelelelel@elel— ltt ro levielaiaiaalaara re foatan les les laSlealea lentes) 
SSSeeeoeeeeqoe@eqcoqgoqooeqqooooqqoqoooQoqoqoqooge 
SS QCoQeoeoegqaeeqoqqgoodea Goqooqopne@eoqqqooqoqgoqgdoaoe 
OOODODNODNDOAMOMDOMDAODAMMAMOAMNDMOMOOOMwOOmMMa 
QS] 2S) SS) 22S 2a 22a) |) |) a2) 2) 2) 2) >) = = ee |= ap se fem les pe =, 
NNNNMNNNNNMNNNNNNNNNNNNNNNNNNNANNNNNMNUWN 


EA WITH 
DING TO THE 


R 
N 


aio 


SUBROUTINE GARRAY (GeGA,NOF »DGNy NUMByXO2YO,PHISYM) 
Y 
B 


Ora 


WUVUVOOOVOUUUUUU OUOUUO 


Oe 
UJ LL 
tmnt ood 
IO 
acw§d 


ARRAY FROM 


CALLS 


D IN. 
MAY 


R 
A 


A 
E 
A 


LOY. 


UJ 


wea 


LIL bh 
ed ae) 
<<aO 
bem 


<ZzD> 
Fe WY 


ao WN 

~~ J 
= J 
Ind 
eo 


Ne 

LUS> e 
NI LU > 
— OY <— 
pend GLa CYS 


erat 
Bec 


MODE 3 


’ E,EPS,MODE,BOX,SD,I1X,Z 
’ SYM 
MAX,JMAX) 


MX 
SY 
aI 
AX 
93 
=1 


X 

Y 

9 

X 

5 
T.3) MODE 


SD mat ZAIN 
me NOS SWI KIN clues 
SSO VNO Il 
ZZZN NOKMM ION 
COOZM—F= Il Wie 


(e+ ="7> 
aN + 
etter 


SSE Ww I Ne Ke OS ID 


See i = = 


ODO ee MLL St WLW OS OM 
OWVUOATI=Yv#voaownOetxKIDG 





eleleleloleleleleleleleleleleloleleloleleolelele 
DOANMSNOPDHOHNUMSNOM DAHON 
OSoere SSE sTNMNNNNMNNNIN 000 
ODdodoocoO0 000 00000000000000 
ODDDDOVDOVIO OOO OCOOCOOOO0O000 
DOADDOODDDMOAODODOAODODDODaaDaaO® 
Pa) > J SS D> DD 
NNNNNNNNNNNNNNNNNNNMNNNN NY 


Oo 
ee 
x< 
<— 
= 
2 
~ 
- x 
~ iw <a 
a ‘@lmre 
= ae — 
=) Cy 
ea a ule 
- >= © 
Zz Yn 2 
os me 
Qa 4 ao 
- Oo a =m 
iw ii ~“ New 
QO -—a «4 OO wO 
- +O © Or a 
2 eke ro sw 
et <x OF 
v9 ~O O Oo es 
Ie 0O © Ot «a 
| mt Oo OF 
“xy own mm omer x 
ae NN O NO om 
Y Usage se) ¢ 7 ew NA 
= -OA~—- COrKHO I= bk ~~ @ 
= (* APUILU CD LL mt OD Oe ud 
~ pelomiLn ee 0 if 00D i} eu OO 
A +¢tNJNOS Sema twmww Wu <a 


to «K eOuyKeremreemsroytortw]” 


GARRAY RETURNS ®) 


e 
— 


= TIPO NNDQNDZ OWN COZR 
T+ Amt SQ QesOs OC ACat 
emt met ed OC ee ter et ee et fee pee ee fe er OS 


0 ey me mt eet ot a J rPvo 
Comme i ome iL iL ILLS S OOU TO SIILWOZ 
OC COO SOM OOVOsOOU SLL 


1 
2 
5 
4 


39 


C 000006 


108 


SeOo0O90OCOCOOSCOCOSOCOOCOCOO 
MFO DORON SNOEDROANMS 
ODDOODOODORREARERARRODDDO 
aleololeleleleleleleloelelolelelelelelelelele) 
DODDDQODOCVDDDODODOOOCOCO0C00 
AOODnMDNMDONMHOMoOMnMOoOODNMM 
= SS SS SS DD DDD D> 
NNNNNNNNNNNNNNINNNNNANNAN 


R 
ROUTIN UNCT. 


FOR A PARTICULAR LINE OF SIGHT 
SUBROUTINE F 
IMAXy JMAXg LIMXy JJIMX_ TLUMXy ALPHA, SIZE EPS;MODE yBOXySD_ 1X9 Z 


ae 
Mm 
= 
= 
aa 
baad 
za 
O —Z - 
QO mm co 
~ x = 
Ww «O = 
QO mu ee 
z wZ Co 
~ (He at 
re <I 5 
rot he a 
COMI iz o 
- m=O LL 
a) Se 
x< me 
e 22 e e 
we Do N uw 
— LL ~ 
f— x< UJ YO 
Ww WoO <I peat fran PS pont bm > 
coed sata = >< KK mt x OK ~ 
Oo fea a ONNNQDQ «K WN 
a) LL ow HHH I x 
Y OO NewwWXanwvwyyty f= — 
Ww We SCL ee Xe tle UC 
A ae x <INI DM < I Le e OWL 
— DO TS twee LULU OK oC + 
ee AZ eZ INZNOQOKOM It =] 0 
> =H“ ZOmpveKOnn ee 4 We 
> © Ou tx<QAnQnnwado © 
CY Ot SOMAM I KKH OQKK IMI 
oO pa = ee ee ee | | | ee | 
Dp w= OwtJwx< KWWAMNMNea Oo 
YW JO UNILCONVQOAX<>-VOAYCOY 


OV0UO 





OOOO OOCOOOCO0C0°0 
WOM OPROHe NM Sun orm co 
DDD DORAMAAAAKHAAD 
OOOOO00CO000000O0 
OOCDOO0CO00000°O 
ONnMOaMMrnoannmnwam 
Sa SS a SS SD 
NNNNNMNNNNNNNWH 


i oO 
e 
@ 
LL 
o 
= 
Nt 
2: 
based 
9 
CI) o~ 
© o 
~ > 
a] e 
Oo oOo @o 
«KO ~ Ww 
O —_ 
o= < o 
Km x ~ I 
QO ec = 
< @ <— 
dae m= ce 
WWOoO> DM = 
O eNY N Cs 
+ Oee & ow 
MI=OO VO «© il 
tot =) eer OF — & >< 
ye lel CO — 
NeW WwW e 
“a e— &— hw De 
Yes = LY 
OOcwn w« “ey 
esr FS & D 
Siiy (Bly < " <{ 
@ Oempey aie, mo 
OOM~, © 
MY © ee @ ° 
<rYWOWN>wW 
aJIZWOWYD ew & 
Wil ee © et + 0 tet 
OO”D0 2792 


+ + —NOOROZEE 
NAND—O OOecdd 
<r er) || OES 
Won JID CeO 
MAMNILWLIL tea tLwUOOoz 


ae 
oO 

© 

© 

ao © 
oa N NN OO 


SUBROUTINE FUNCT (XS,VSsFsNOFsO0GNyNUMB) 
1095BO0XJ 


CP67USERID 


ODODOOVOVO COC OCOCOCOCOCCOOOCOC0C0O00 
NOAFUOMH DKHORSINMTNOEH DHOORNMTWOMm 
DDO C0000 Sn RR SRI AIN QIAN OIINIG 
het me ed ed md a ak ed ak ed ed reed ed ed ad ed red ad ad reed ed red med ed cd 
SOC OC Glo Cle ole | @ elie Cele Glieeiei@ eo Gia Gia’ 
AMMOMNMNMMNMANMNMNAMMMMOMMMMaAmMmM DM 
SSS SS] >) ]]>]>>]>]5>]>>]>]>>>]>]>>2]>») > 
NNNNNNNANNUNNNNNNUNUNNNNNNNNNNWYN 


NJ 
oe 
= x< 
Y i) 
uj e o 
KO O 
Ww Wa 
wy} ez 
I> xX-« 
ee OA 
a a2 
zO ~ & 
mo «= LU cf 
=H OZ 
-I Oe 
>~>Da> =0 
~W ee 
<Ww We 
we ad 
w we 
Zs oe & 
Or WO 
-— NI 
ph Y} bf 
=U WS 
Y= ~ 
Ou d> 
Om Te 
Ke aD 
ez we 
Iu <p 
QO ~ & 
am «MWY 
© =e 
=. SW 
-~ CE bf 
OZ “oO 
= oe 
> =Wwen 
Lee = eri ee 
er) (=). Oo ee 
ke WW ~ or uw WY a 
De «KU~ oO FC ett =m 
AN = ect O oo nn WY 
a> Oe os ~E~— Q wn 
— YY) mt me CO N OF D 
-<_{— oO oO + - << 
MU x<— et Oo UN % oO 2 
Ie Iwo mY Wm OO 
NZ “a~ m= Oo + ~~ = 
LL ew eI O e NN -—O 
eO ~<a us Oo +* ee 
Ir aad ad West wl W 
SYo) eae ° aeANY ej = 
—aO =O © res FP e = 
<Q) = = ave OW > 
> aawWn =) Nike oO WN 
UE = Ome CZ = 
O SVrWINVOWA~WHRDPSZzSOVIMNG eww KX 
ee SEH iiuw uw uy Vn nn Ww Wynne J 
Om OOwINOOWAWIOOOWOS wll WWW 
ZO YOVOOTADVOWOKq{ONOUOWAOALeCW ae 
Dw e 
LW = 
oO 
OUOO uw OO 


109 





elelelelelolelelolslolelelolalelelolelelelelelolclalelelelelelelelelelelelololalelolaleleleleie) 
DO SAAN FUOM DRHROGNOYTDVOM DOHORAUM FINO DHOSNO POOH DHOSNMOATING 
ONS VE OFF OF) OO) OF 0 SPSS SS TLL ID ALAA LN IUNIUN OO ODODDODOUOURREERE iS 
red ced et mt et mad ed ed ed ced et med red met ed ed met ed ed et ed mek ed me med me med med med ed ed cet med med med red ed et ed med ed ed ed eet ed ed ed ed 
OO OCOCOOOCOOCOS OO OOO SCO ODOOC OOOO OCOCO OCC OOOCOCOOOCCOOOCCOsoO 
NNADNMNAMNMANMDONANNADODNDANMADNDADDODONDOONOMNDNDOODODODOD DO 
ee a ee 8 a a a a I I I) ID I 5 2D DD DDD DD DDD DD DDD 
NNNNNNNNNNNNNNNNNNNNNNINVNNNINNNNNNNNINNNNNNINNINNNAN 


< 
< 
TT 
LL 
= 
- N 
oO * 
WO + 
e ll 
Ww WO 
— O 
ee e ~ 
ae ty a 
(2) Lu Ll 
— Ll LW 
od t ! 
W ”“Y oe WY 
= > z> 
= — <I 
LL WY) — = 
ma Yn + 
a. < YM AN 
wi ~ > * 
= e <q * 
-~ Y Qa O — 
N =a @ 
% w << eC) 
tt << 0 q~_u 
wee J lB UO pills 
Na Sgn) (2.8) m FO 
a © ao ra 
o~n ZO e a0 } 
en qe WwW pant pa /) 
ae k —_/ a+ x< 
Ox* OO e jouw 
Ow woo — LLU C5 we 
~ oe QO ~ 
mt - 2 LL) om 3 
we Wad { a) e 
O— —gs ee WY Ce mt 
= | ake x«< <I | 
Om qo ~ UOO— 
CeO me Net 00 
ix< WU Oe JX 
Ow D>O << aAow 
Z2ZeEO “72Zz ~O NZHO 
wie OW we ewe 


A 
p 
A 


< QO 
wi O wiwoO wioO 
mit reat LL eet CD mi 


uN 

oO 

jw 

eS) 

oO 

af 

ee @ 
=k 
Za) 
<I © = 
—L et 
“NO 
a 
Ov~ame 
OO < 

uw IO 

mit CD 
e 

af 
OT 


ISPLACABLE ELLIPTIC RAMP FUNCTION: 


NJ 
oa 
# 
SS 
O 
~ em 
~ A 
uw G& 
uy 
4 
vO = 
~ WO 
~w OO 
~ © 
+ t 
CJ e 
+ = 
+ —_ 
O— — 
oOo * 
Om <a 
fon) 7 
Q00Q w 
ZOO 
<tIt‘t- 
mY) e 
WLNX< = 
—_J ow e 
Qhe— - 
IOo~ 
j-— ef et 
VAILL Oe 
=) =) esc) 
eelsUA) fe d{aa) 
Ow || ewp 
zt oo 
Lm IliwoO 
pt OC LL ot 
e 
uN 
OOW 


10 


es 
e 


> 
BB )**2+( (YS-EE)/CC)**2) 


PTIC STEP FUNCTION 
LT.1.) F=AA 


0 


— 


LL 
0 
D) 


ESS OUARED FUNCTION OF BB MAXIMA 


0 TO 


Si 
G 
BB 


Ome 


mszO 
aoc 
Git 
LW J 
“con 
LL 


oo IO 

az <a 

Ore OO 

met QOL Zo 

~-<> wou 

OwWjoZz!a 

zZzwaio9 

Du> = 

LL tl 
lhc @ e 

a2IZZ We 

Tee IO 

Or e e 

—Y eOmM 

C4) 74a ON 

WwrerOODlD— 1 

Sa CO ea 

SD www S I SZ 

ZNnad We I 





OVDOQVDD COV OOOOCOCOOCOOCOCCOOCO0O0OO 
MmORDOANMHTIOM OHOANMSPOIOEOROANOM 
ME ODOT ODDDDAONAAAAKRAAASHHOOOOS 
ted med med md med eed eed et med ed eet ed ed ed ed etd ed et ad ed SH ONC CY 
DODVVOCOOOGC OCC OOOCOOCOCO0O0C0O0000 
MDOONOOCMODOMODMDAODOODOAMOCcCeaDeOOamMo 
==) > >) >) >) > >] |S] > DD Dafa DDD 
NMNNNNINNNNNNNNNNNNNNNNNNNY) 


2 
ey ee 
a ey <_ 
ex : 
mae fom gan 
we? we Oo =, 
oat tat ros) 
ew — e 
4 < oO 
oH om O o 
+ + © = 
eae W 
= tomy Ww uw. 
oe Oe eT e 
oat k= © 
wo Ce 
—~ x Ww * 
* + © sw - 
| U. e 
OQ O oO 
ot Zz ad u. e 
UU. UL. LW eC 
Wu a = NAL 
UL ke Ww ~ & 
— Y ee 
an om z5 5) Ww ~xY 
me uw fog ~ 
an) Wa. <q -~ 
UW p= awn Qo 
aA a oO 
ome ~wW en - & 
om—m~ 1 OO qa om) Oe 
Ces =O > — & 
mm > b= Ww o 
www ee a> = co ° 
Oodt~~ "“OOW Woo 
LY eo eo Zee o OQ ee 
Hnaoaa Ona = a 
Wizz =IO> — Ce 
é I< rN a =H 
=) ae er = WY oO Y 
~ & eevrz D> m4 OD ew > 
e mm Wk e e UL. e e e 
edemewe LJ OOLU UW Akr2Z Oo LW 
tm a «© eraZamM eed ele) Cie) a De 
Zaeé~otemmM ee oO Te eleRs ad 
OwOCS SCs SKUs Y a 
wre | DD eat OQwown za ) a 
*%* Ze ZsZ~eIO WHZ O OO Odqae 
Wuatu i Yt nal © Crea 
mt OF Pom LE LE LLL OI) CD wero <li LOws 
OL st OS Ot et a LL CD mec Dib rm LL OC LU OO 
® Gg © 
nD uJ oO 
oO 
© 
oO aD © 
WOOO OUR OOD OO 


ial 


OOOO OCOCCCOCOO00°0 
FINO DHOANMTNO 
eleleleleler lt erer 
NNNNOGIONIAIN AIAN AO 
SOOO oQoOooooe® 
(a@faayoayeayealealasyanyeayenyeayeevaa) 
=) =) ==) =) =>) =) a) => 
NNMNMNNNNNN NNN 


WwW 
ca 
> 
<< N 
= az 
tad 
za = 
oO za 
=) o 
= a 
O ae 
= & 
= O 
uu. =a 
eS 
~ << 
= w 
< ~ <q 
© MN 
a WwW 
° o 
oO = 
rs ~~ 
e > ae 
© o O 
za =) e 
& WW 
za = —) 
o rs e 
ag Y = 
Us Co Y 
Go > 
w o ~ 
O a Y 
om UL ~ fa] 
U. LLiem <f 
Ww | — 
YW 2 ee) e 
~—- = es OC 
~ Ow 2 
Y D eq <_< 
<x O Ow e 
ww «C2 a 
qI~ © 
and =) e 
> < ~O OW 
ue Ie 
a. WO em e 
YM WwW gqo — 
Qa atc 
wu MY GQ >< 
= wz ~~ 
rtf ~O WY 
- = oO 
> We 2YW fZa 
Oo =D O02 ~a& 
w Uw SU ew 
oO 2¢y SZz0O FO 
> Dw Osypuwa 
YW Le OOW WCU 
az © 
MW © 
© 
Ss 
© 
WOOUO OO 





SOOO Oe@eQqeoqeo eoooqoqooqooooqooqooooo ooo ooooooQooqoooooo 
PM DHOHNMA PND ODOANMFNOM SGHOAINMEOOE ODHOAINMPNOMDNORUMs 
ed at mt ONO ION ONION ONION) 09 FY ED OOD OA OO OD SS PS SES FSA WANA AWA LALA OO OOO 
Coo Tania TaN aia fav lavlavravio lala laviallaiaaialalalalaialalalalialalathaliallallatialaiallaiallatiatialiatlatlatiatlat| 
SoC@Qeqqeoqooeoqoeqo OD oo oqoqoooocooqgoe Oooo OOOO OoOOoOOOooeooGcoeo 
DMDOMDNAMODAIMAMNANAOMAMANAMAADACODMOAMOCMACMDMAANMAADAMDAMMODOAHMDHMOOemMmo 
==) = a) = =) =) ee) =) =) DS) =) = SS > > > >> > > >>] > DDD DDD SDD 
NMNNMNNNLINNN NMNANNNNNN NNN NNNNN NNNNNNNNNANNNNNNNNNNMNWY 


SUBROUTINE SHEET (GyD+X02YQ2PHISYM,NOF) 


Wi 
ama WY 
YW pe 
~DZzNM 
<< et Li 
eed ale 
YM aT oO 
Ie ee 
Ww er eD> 
eZOeKe AW 
der Zio ile 
Tt WI <I pe FL 
ee ee ae 
aed LU LU ome CO 
Writ sO 
ero O2Y 
ZoZ7=zw w 
wet LU <f LU 7 CO 
_ peruse DS 
wZz>Y —-D 
ZO > be es 
— OMAML 
oJIWUY WeZ 
TOwsOO 
Wh CW 
<= edt JOk- 
mHe NZ NYO 
ecm a 
LNnOdoodO>D 
ODt—Ycec OW 
TeOWw 
Nee O Act 
WoONO Ww 
D000 wWwrea 
WHY KOTO 
eTe(08) ee GY OZ ee 
>UuFOCD 
CY OL =wW 
OwWW <tLjea 
WreOd >MO 
OZAXAOrm = 
<—f LU OO be LU 
QO -etDoe 
NOZWI WO 
met LU 
~xrc WwhnNata 
Ol lez 
Cte OO WwW 
Iver Ode 
AOOW -D> 
20 O2<te- 
Od moO 
wOoada we 
eee eae 
C Crew eo. 
mes WwWaZrnd 
OTrWw> 
Nl OE = > 
QuwWe ZOO 
q wwud 
Wie) ae (6a) 
CWOrW WwW 
2wu Os 
bo et “& 
Wt WLI 
WreLONO 
AE coOWWvic =] ale) 
NOATAD wl 


BFUNCT®. 


EPS»MODE,BOX,S0,1X,Z 


WOVUVOOUOUO 


an) 
om 
mae 
~O 
em 
Cw 
> 
m— << 
oO 
Cm 
mes 
—~O 
mes (¥) 
<< we 
+O 
-—> 
<M oe 
<_{— 
=m 
rae) 
2) en 
“JL Kaw 
mu =< OO 
CS 
MSZ o 
> et ee oe 
IM #QM 
ASN «O 
e eg eX) 
<< 


A,SIZE, 
MS 1QSYM 


X,ALPHA,S 
2IMS_,JMS, 


(> etO 


wt Y)) oa SOK 
= IZ & 
oe ot oom 
<xS ex OM 
Ir~nasto 
ZNT=zM 
1 (_) peed er 
™, = (5 
x=NOX-®K 
aI>O 

ZLNwZzZ 
ma SS OO 


—=—YyaQ © 0. = 


NX >< 
> >+>dad Ce 
WN <tT= <I 
road SONI OS OD = 
HWALN DY wwe wo ew 


ba 269439 99 93 


1 


ND 
CODE 
YOrsPHISYMyXMXeXMN oe YMX » YMN 


et 7 
oe = eo 
{WL >< 
ero eZ 
q ZN 
Qn 

6 em om oe 
OADM 
mm Ol 
NW eee 


TWA X< ewe SS 
fete UTR HOOR 0 © 6 0 ww OM OZZZINUWEZ> 
rund tOODOOOOCO Nee we=zwW | CAINS iW 


O%**2 ) 


~~ 
°+O 
NADX< 
NH oe 
XA OD 
=WO> 
SN XS 


1P7 BT 


© 
N 
7o™ 


ZZZNMNO eI NTQAW Demme WW Weert NYO te NI 


OooZZ2uymM i tt uut 


50 oe me 


lH~Ondt } nas 


SS Ce ttm NI i tt et et ee MOOK M | HE NOD NM 

aIoagtstWeOHl i wail 

OOOH tHOAOAOAHOOO~K~YrOOND0O0 SS COUWWWEeY I|INIAr awn 

WOOUQOZOAZ=RKTALMOO9OOOKKSe He KK KI YCKKCOCKOrDOL 
Ww lw 


SS TTS et 


N 


2 


= == wae? ee? te? ee Se? See See 


ow 


NO 





DDOOCODO OOS SCSO OOO OOO GOO ODD OOO OSOOCOOOCOOCOOCOOCOOCCOCCOOoOO 
WOM DKROSNMOSADMH SHON LONOM DHORMNUMFNOEDOHOANMSFINOE ORO 
ODOQOOORE EEE EE EEE DODETDNDDDDDDARAAARAAAHAHOOOCOCOCOCCOOO RI wey 
NNNNNNANNN ANNAN NN AON NONI ION IOI UM MO AMA AMM ON OT EO MO 
elolelelelelelolelelelelolelelojlololojloleojolcelolejleloelelolelelololelolelelelelejlelelelelolele) 
ADDMNOADGCHNNDDDDDAHDODDDDHDAHDHONDDOMDMNDDOAMDAMMNMDMAMOMMMOMMDM 
Sn 9 99 99 9999 )9 99 I)9 99 9999) 3 I)D I) 999 93D DDD DDD 2D DDA3DDDDPDD 
NNNNNNVNNNNNNNNNNNNNINNNNANNNNNNNNNNNNNNANNNNNNNNN 


© =~ 

WW ® ee 

> w= « 2 

x< Oo N oO 

= Oo = NW = _ 

“— O ’ ~ ut 

ad wc ta — Q << 

e w ~ mm w— ~ oO 

e ui > ~ x< = — 

WW = an 

= uw -_ x ~ i 2 

e =) = - = ew oO 

= Oo aoa - ° Q 4 

= =z = Oo > -_ 

~ <_ aay — e { — 4 « 

=< — Go =) Y 

e Gw Lu ~ Oo 

w (&) o e — Qa 

O Yn ~ = ~ + ~ 

e me) = — e =. ae uJ 

- — aed Se ee, wee (NJ aed — wz 

e Om OF eerill = — ~~ D 

oO fe eH Sexe A =< — te O 

® we oO aoe fl im QO x « 

Ww <~ —as =m ow + >< on 1 Yr Oo 

a We eR Oe jm = we 

° femme eee OO Oem _om ata 

< toe OO >>t ee oO do 

~ =) eG ~& a~—~ OO OQ Fa (08 

e = . SE mm QO — | WY Wo - 

x x<ti-- -> eeme =~ i— + e 

© Om Qn OO etl =~ eam et On N 

e oe OOK eelZm ww om eer N ww e 

-~ a *§ CO eF= were © m5 ce MM ow ; 

e Oo Ww Kx -—e- SZ et ~~ x + wi 2 a 

oO oO OQ — ee om —_ CO ~~ sey e em — oe iT} 

e ea} oO a wo ee + ~ a = tot ae ome be b— a wm 

a J UV OK Deemer ete PE pee mle OK wr te — Je 

® a We we mm ONKOL I ll N 

a —_ 2a = KO> ee ~ORTO~ww~m XX iii a xinnlun << =, 

=m UL. = ew the Et Ow EI SE OO am 

x< si = = NX eeCO == >re ZT SH 2 omseZ O o=~ 

~O Oo c= FAY CYOZO~HOw~ | moe TOO OS Oe OO 

o-— a Ww O UI=ZOOO extOO~OR—= XK & © rOz 

we <— e ft o> oem oe KE ae tmme—m LW ZO 

OO WwW WwW een tem | Ke ewe — eSSZZ YY tw 

0) mes OD LC Ome e eO & om ei mm = Crt rad ate ee 

~ ct =~ IMO OH fpe> NWN e A ORE KR OS 

-_ w= e O weg @ e¢ ellLi © om © eCQw e NN O @eeeeo << wMus+ 

Oe Czar " e © COWWZOWDOOX~ G&G e 2 Were Ye | em 

ee UY WFrwWeRWOWZZ esr K el IS WW GY ABZZOOIS W -——-- 

LL CF LL} & & Ziel © © em 8 ewe COZ e WwW m—meerereeeree Q FO= 

ZWMNNNNTIaAas ee gm en et oe ee LL OO (em > ee en ee ee 

err lrteilzw wm LLY Se LLY med tad ret ee et td fare te fre et at mmm LLL dt et bat ad tot LL 4 > we 

<m~e+e tf — — WO > Oe wwe we Www YY Fwrw ww BS DE ewww eS DW ew 

=<xOQ0O00OW ~ WHO DO e-OO Lee OU >& I te te OK 
a KEM KOON © OT CRO OK KE OK KE KEN OK me mn OK OK HLL KOK OOK OK HO OOO 
mem tl TM iW CHOOD ORIN ZH Zw eww eS = J) ww ss I IW KR Om www EF Ee OE I 
~e MKS Tl wer ee eee wer Ss Owe ZOU Fide de d(eny—7 aE 


KULLU SS SSTOWFZTITOOM— HLL La See LOO OW UL LIL OW Oe 
Sm mt OK OK eB KR LR et tt et et tt et KO tC et) Et a et tt) re I Ot OS 
O 


uu “a ee Oo Lu 
O aw O © 
OM >) + WO OO 


ls 





COD VCOOCOCOSO OSV OOOODOCOO DOOD OD OOOO OC OOOO COO COOOOOCO0O0CO 
FUN OMH OHO SANUMFUOH DROANMENDOM DADANMSNOMDHOANMSTNOM ODO 
ood et et red rad eed md OO ON ON OO ON ON ON 0 9 9 09 0 OO ED OD SFE SS SFL ANI O 
EV EY EY LY DED DEN DE ED EV ED EY DY DOO OT OO OE ED EN MA ED OD MET EO MET EN 
DOD DODO DVO OOD OCO DO ODO CVO OCC DOV OC OOOO OC COOOCOCOCOCOCOCOOO 
DOMODOANOCADDOOMDOHAOOOHODDOOODONDDHDODOOODODODODODODOODODODDOAMDM 
ee ae oe > DD DD Do DD oD DD DD DD DDD DDD DDN MDD 
NNN NNN NNNNNNNNNNNNNNNNNNNWUINNNNNNNNNNNNNNNNNNNINN 


> 
< 
a 
o 
= <I 
° © 
uw 
zee 7 
mot LL dang 
AO 
<x uJ 
Wo ee fa 
moO z O 
“ re Oo = 
‘ W) bY) = VY) 
i! be 
pes Fis <— Q 
4 OC J es 
a < Oo < 
Nae a 
+ hr O ~ Zz 
zo Ww = 
ec = _— = 
O Ow = J 
O. cont Cc 
wn oO 
ajWY) oO 
uJ JS <f za WY 
© ~ <I = = 
OQ = Q Y= - Tr 
bo Own re: aro) 
a > ~ tins = ~ om” 
N Cz Q mt -— (C) 
+ <I >< Ou Oo = ~— LL 
Oo % | Wicd aq oO OQ 
~>OO ~ ce ele =) ec f# oY) ~ 
{inxx O=~ O - x aS) ~ ml Y 
mami i oom OL -—Y — tnt fener Cc ex sj md 
be om Ix YW OED —T Y eel ee Cz Kt & 
Zakk ~t D Se me SLY Gre Crt tom 
Sas a ~T ss Omen SK OO © rs o oa bond 
weet woe bod ed +x O Ree ~ | Ze Ww = StL te 
b= << ~ +e YY Oe Km Wu * * wa 
mee ee KOS Oo t= Ore iw YO O > oa CX eee 
O2z2~—~ > -—©2 Oo i—- Te — x xO (= 
me OD ee I) om ome 1 OF 2 eHnNz $x us * ee NZ 
xr<rt NNOO-— ao <i <q oe ZZ www =O Ww Ox OUxt at 
potted om tt He OU ke be KZ {3c Met wae em Za et ee ew te 
KK tame tt See eee E> T= f= OFF ~ =a w—S Wweo=ziat 
wwe Ob pee emit ee OC OI WW TC YH KI ~~) J We HZ my i 
N2OZZRRrewKwt te Dw~— ONWse | at “Ne —_~ & coe © C2 eg 
OO Wess Zee TOOK SE Zee Ll FL = — © WORxnN Ontla~e 
OUOW eww te K DDD ee ZW em TOW I 8 8 em 9O OT + il + Se || Re x< 
OX HON www |] PID SID NEKO CDZTHOCOOCOONOrRY~As CYA “Ci 
OLMTA¢CeeXCZSXKZOX} CR 2We~T il Wucte Vudu wd mn ln wnw Ge 
areeds) | eaedate- DIN DL ene Oe ee Om em en mem SS RENO 
BY COL NNN 1) bm ee I em Nt mt ee LL a ee et tt es es tt et Oe et Te || om 
toni KSKSNUU UN Woo! meee DU eee er ter Le Yume xy Ym 


COD RR Re SOMO T TCH O40 qe Oe COIDTQODOOO> Swen ope tose aqwuod~ 
eee == OOO XOX CO O0OK> xe xox zroorrozane 
<< 


— 


uw <a> O © 


oO = 
~o OD OOUW 0 ake) 


114 





(elelelelololelelololeleleloloelelelelolelololololelolelelolelelelelelolelelelelelelolelelelelele) 
SNM SIVO MH ODOSNOST UO DDOANMOTADM™ DHOSNAMSFNOM DHOANM FUOO0™ OO 
WDOD0ODO0DDOOEE EEE EEE DODDDDDDDDDAMNAAAMVAVHAVOCOODOOCOSO 
HAMA AM AAA MAMA OA OAM AAO OAMAMMA MOY MAM MAM MAMMA MM MOM MOO st SbF pest ts 
OOO DOO VDOGDOSSO OOO COO OCOOODODODDDODOVOO9OCOOOCOO COO OCCOCOD0 
DODDODODADODOODOCOOODODODDGOODOOODOODOADOHDODDONDOODODODODOOTODO 
ee a SS DS DD DS DD DD DD DD DD DD DD DD DDD DD DDD DDD 
NN NNNNNMNNNN NNN HNN NNNNHANNNNANNNNNNNNNNNNNNNNNNNNNNN 


e 
Ze 
OQ 
= 
ad 
<{ 
al 
© 
: e a. 
“Y Gra a 4 
uw Ww > 
wat be Y 
Coe ro 
a ft Tr 
< aA 
a = t 
UJ fee > UW 
ae © WY ==} 
m- — 86. 
= eles sah 
ce NY a- 
LW) } ~ 
= uw => 
© WY md o 
Qa = Q mM 
w> J ' = 
Jo a) _— ww 
Seq cae = oO 
mt eel 
ww W Yn = 
mm) {uu — > 
> en) 
abe Qa = 
Ce & am (=a Ov 
< => SO =i 
jt NY + ~WY “Y) + 
>O & ol DY mma om O 
Ome w ; ar mT <f WwW b= 
LL} Y) oO ra= woh O ad 
Cea -— Qt > Ot_m eo) & 
O nN 1 WUWM we LL SE az oO 
—J< oO ULI tmnt bed 3 <[ 
uy) (S) (9) mo eAN ~ 
< j= Claes NI + mem -_ << 
Ske <I fl own 3— (Oe YN aD Naa > UJ Ne 
- Oct = ~~ em OD OS ay re ew 77 o =a} = WwW 
ss Zyet elu 7H eae e tt 7I++ WY as ior) a) 
ae oO-Oo i242 ¢ rd et a) ed ad ed et 775m (OCF < ae 
> WO. = 4 ed Cal ed hd = | [ee ee wee ew WY vad ee eer ee Su mad ome 
ox ee WWE tT NNT OO 0 I BADR QOODOUOWSENINIOO+F HW © eM eI W 
OCONOSAWHIMX>YAHTEMWDMOINNONHAMe He eH UN AOMNMXKKNDQOO SH9D~ DDD 
I~ 1 HAN DH Yen ds ANN OH remem nm Zt Vi WOW UL wee Ome HOS 


aN OM MEAN $+ NR NM ARNMOWM SS LANMSN MeN me Ome Le ON KO 
mt INO Ne DDD HSM MMNNINININIIVNE HMDA ed OD ee ed OC ed ee OK 
ww itee Sm OZ) i] BUD er ee ee ee ee HD Pp ame eee et nar eee seer SF NY | wee (fo ere ee || Wrz 
Ow DRO TT HLONMOODDOODOORNMOOOVDOUOZADOAOVOOVO+AOWI>O 
~OX<UKXOOADHHODIK KKK *K KOO MMMM «KK KK KU MMO KK DOK RZ KN ON KO 


Ow x«-> = 

Oz w Ww 
N mo WO ~ © oO 
HOW O es et eae =~ aw) =~ 


25 





Se eoCe Coe See ee eo coqgeoooooeoooqo ooo qGoqooeooqoooooooe>s 
DO reANO SNOB ODORMNGHTVOM™ DHOMSNMSWOM DHOSNUMLPNVOH DHORINM TINO 
dk td mt et mt AION ON UO QI QUOI 09.09 097 O90 OT OD OS St St SLAIN 
were eee rae ers rere err rrr ore reer rere re 
elelelelelelelelelelelelelelelelelelel el ele] eel el elo1e1@1 2121 el Ole! 2101 eel el @lel@lel@lelelnie) 
DODODMOOODDDOMDMOMDMMOMDMOMNMODDOMDMDNDMOMDOADOAMMOADMDDMDMCOCOoDnmMwaoOoOnmD 
==) =) =) = a) en) a) a a) =) =) =) ) =) = > | > >_> —> 22 > 2D Da]>552>525555D55D55>D 
NNNNNNNNMMNNNNNN NIN NNNNNNNMNUNNNNNNNNNNNNNNNNNNMNWN 


= 
© 
fad 
LJ 
le 
= x< =a 
= pe 
= za > xXx 
[4] = | = "i 
<> er 
Uw TT o~ " > 
=) oe, —~ =) = 
SH om a x< amy ~< — 
= =o ee) -~ - 
<q rs « ~ fee —~ — 
— od es med —~™ — 
ae) — —_ te es uw ee 
=a (es) (es) domi © mt e 
bond ~ ~ QqO fF A = 97 
ee WY — —~ ° —J e = a 
= a ” ” i= . - e << 
© Ww ~ — aed ce) el ar Ww 
ce o ae NN vane — o m= ot + 3 
N WO NN x< x mr) © 2S el a ~~ 
Ww =a = = & eee = ]\Sa) 
el Q _ oOo N ~~N N « a. 4 ° >> 
je - he N= = ~- A ~~ A 1 
ties — oO =m? ee. ® Zz e cs OO 
ae oO © oo “> -_ rie ~ QOaqyaa€d >> 
ow N OC (> > aq- ct = | 
Ww ~ Ww ~—— = O&O Wwe x< & Ce « - mar, 
— @m QO Ia ~) aH OCD - = —_ dd mt 
oO Y ec MN ~ Dax +2 ee Q& » A << 
=a Ne & Ne « a NN O lnm oO = Oo =e—eMM 
<q = iw = = Wh QO 22> —~ he Fae = e e e eo QIK H 
N Dud uu wetem ID ee O77 KX ~NWD IZ Ly ULL LL et te me 
<Sm we cM | rt ~ @¢ 0 Qo em Deoltun zy eZ & ONO Oo Oc 
ION rd k= AJ —~ | eh) amy, OFS LW LES mt ome LE J teet tr eed CN) eet pred pend cots e e e © ee ee KOK 
=jaWVSWIeNK Is = WT WrmImMeAD We SUH OkraAxKUNeIHOGD 9D O97 OM DMI I 
AOS RWI DIC DN DK KTH ORK OOOO 
INe OKNnzzZzw~ ~~ OOmenm Peete Helly ein In sxx aK KK KNOX X< 


TEOOXODHHD KOON XK ODA MMIM YH RONR Se NK SH twee sri ie 
fm DD A TD ee SKN NOS ee KE Hee NK IH IN OLIN HW OK ee ee Ke ST OI 
~~ II tm Zzecnnetin isl — vw ye LSI HT i 1 ee OK 
O~ DOLD ~OWDMNTRFOWULO~ROLMLOKOW KS qTON CONDOM IL KX KES 
ZKNOHNXO MN MPMNDO SHH X DOS DHODMWYKF OKO MX OO WK KK NOEL 


= LJ a 
LL a i=) 

oO oa N om 
WO NO N CN NO N 


116 





Soo Ooo Ooeeogooooeqeoo Ooo oeooqooo 
MPDKOORNMTNOMONMNOMNMTNO DHOARNMSMNO 
WAWA OODOODOOCOUEEEEEEM FE ODDODDD 
torsos rt Ott rt 
Soo Giele |e Gli@ieie|@elo Oe Glo! OOo eQ ©@ofeqo 
DOMOODOOOOODMOAMOMMMMCAD BDAaCGODOODMo 
=) =) ae) =o) =) |) D> SD DD DDDDD 
NMMNMNMNMLIMNMNMN MN NIM NIM  NNMMNNNMNM 
® 
a 
<< 
> 
w 
Lu ® 
hes ” 
a a 
_ = 
= 
| J 
< O 
SE OO 
O 
©) ~ 
(om) < 
oa cc 
_ a 
oc < 
© a) 
ee LJ 
oe a= 
oO l= 
tu oO 
mem fe LJ 
eevee = (= © ° 
ee SA <— N 
rat bmg cw ~ 
wee YC) LW = 
Oo OK > aa 
_ < = 
mm WO & 
zmé WC oN _ 
<aw cae x — 7 Coax — et 
Jee }>NOM™ gq Mee FeeYH O e 
=a LC eos | os orate Le SS =~ 
mtd ID ND tere OS tem LLL 
~ee WHI wet e | ef wOO Steer | DY HO 
etme OS NN SSO Wr tt MO Net 
He WSS NS IE Hmm OH OIL own 


fond wee wee TS) Dr DOK OK et Om % Xe || 


eeZzn att AVNVDVSSN 


LODZ 


NLS MOPED OL™ - -CW~ODOS~) eI 
New O~NMOMMN SS eS DSW NN I es Dee 


ae uuu || tt et Fe LL OY) 


VW em met et em OO 


OLWUOSLONMFORwewwe I EOC HMN~~WO0OS 


eee OO SOOO CLL INS 


x< 

Ww uw 
Ww so as 
NO N OW 


00001 


Oo AO 
N WW OO 


ay 


slololololelolelejelelejeleye) 
MOROANMTN ON ODO 
DODARAADAARARAHOS 
rrr rin 
OOooOQOO0000000000 
aDoonodononoonnoom 
a ee ee 
NMMNNMNMNNMNNNNNMN 


e 
wl 
QO 
+ 
Q 
re 
< 
wt 
a. 
! 
az 
Ww 
uJ 
= 
= = 
uJ ~ TZ 
wm x we 
“~ <Lhe 
x< > %-<t 
~ =~ <a<+t+ 
> a +W 
© I we 
uw oO ke =O. 
-~OF <4 at 
x< oO uaz il 
xe 2 DOD ae ZXSS= 
~ ft NN YSZD2ZZ 
_- - Om oedI-- << 
= OF WW) NReWeE-E 
za ere Oo w#saIieraad 
It NN a 
hee QO wer neem 
I Ww WeZmeeee 
xr ANOOCOOO 
a= we sree eee 
© wet WY) LU LU Lo 
wat =U) ome || TOO IZ 
m— W MAS © © © ome 
©) be WW 2x <> > D 
Z D WNt~wwwr OO 
TD Qo weet LILI Llu a 
bh = AA eee OWe 
oO ond 
O O 
© 
© 
Oo 
OVO OO 





Boe IOSO0D OOO OO OC OOO OCOOCOOOOCOOCOOOOOCOCOCOOOO 
NOPOOM DPOSANUATN OM DROANO TINO DHOSNM SIN OM ORY 
ODO 90900 090 ON A et A tO NNNUNNN NNN MMO MMA MMMOO 
LAV VE EV EV LV UN VV UN EV UN UV 0) UN UU EV EE US LOE UE LU UV LU EU UV LLL © 
elojlojolelololelelelelojlejlejleleleleealelelolelelelolalelelelelolelelelelelele@) 
DODDONDDOODNODCOMDCAMOODDCADMDODMBAMNAMAOOMMOTAMDg 
ee ee es a SS SS SS DD DDD DDD 
ANNNMNNNNNANNNNNMNNNNNNANNNNNNNNNNNNNNNNNMN 


Lad 

= 

— CO 

& WwW 

—} Wi | 

e Fr LL mJ a 

Zzeees ~ 

> MO x< 

e = Du — 

= ONn=4 ~ 

~ tat ~ a 

eye ub NM Y 

an ZZ” e 

<x ZOOFrM x 

ed eet ed 2 LL CO 

= aeMew © 

x FPOUZOY - 

e maZzwack Oo 

Y Or= Ww O 

Qa beawo = 

ef CO Ax oe 

Oe a ao) ~ ~ 

- DSEKeM A == a 

Oo F2zunvr+ ~ = | | 

x< ~ Wi N we De eles 

ee WW COA -— ~ “< > 

> a Zim << WY e ww wat 

x< oe N ~ ~ 

o mooeG uw aN ~ ~ 

=m CLO 227 ™ a = 

<x wut << On > >< 

e << e EY | | 

eC AMnkr ew & xX ~ ~ ale De 

~ YM WH = N eV ~ x< 

QO ge~wWw NW 79 t+ 5 _— oe — 

~ WO em) mm + bot cw + + 

Oo nOrKrMm es = ~—Y) Ww ~ ~ 

~ 2X0 © «KZ NO | MN an ae 

e DAZWW Ts ae Se ~ x< > 

Ota. JI) =: & (1a mex ~Z | | 

x< =WwoO “IN ~~ | ° uJ a — 

e* Wt YO eZ am fm Nl x< > 

OQ Oct y <— <~O Je ww Nl ww 

- ZOZO i] ene | +>x< en cw | | 

ee m=O HT} et ot “T" mom IA | mes Zz a0 = 

O Cee a— ae Zz> ee <+ CONN ~ ~p— X< 

x UWDOXK ot eed Se OE Ot Os a HT it 

= woe <x © 1:1 QQnm— «xXQOM ~ QO a 
WervtnZz anx< =TT*HrmnOOIZe ome ~O — 

~S RE DOWW DO Mme eT} fm eu e a ® 

Y ZN>= ~ Oo wwe TT e x az a 
Ye Zhe KSA SNL bw x eee ~ X<H~ KF UL 

WwW WW mel IO e aa wwe DZ Oe eo °8 e O 

2 KON O Fee SZ tet See St be WL Wu Ud ot 

mm LL Pe MOK ZNO = Zo 2 ~ 

= YILCoOtY ht lt wmweeoqgvyitit oN NO ee e 

DR DAWeYyY 2A2w et STI Ie Or rReo OD InN TZe 

OuzaqZz —f COO Om KKYTPSaAnNdteeat OO 2ZZX>2>aed 

CZ OW SDOI mw oc me i aoe MO RH I Ke wew eS DES 

Oo eMOdTW SSIS ypnieneDoii th ai i i tea 


OO WL LU et et ee ed a et OO ee LL PO KTOOUWWOWWOZ 


NOZAZOMN QOANLLOOD «> KROL OK te KOK Oe tet ee OL 
ett OO >< 2D ot 
NDOwW= O 

Oo 

O 

o ©) 
VUVOOO0OO vad NN OO 


dels 


SBOOCooo 
MPFUINOM COM 
(Sleleleslele. 
BDOooooo® 
SOOGC0CGo 
amnnaoanda 
==) =) =) ==) =) =) 
NNMNNMN 


8 OF 
de 


Q 
7 


D 
p 


SUBROUTINE FREAD (NO?eRO,NF,2ZZ) 
T 


D 

E 

B 
DIMENSION RO(101) 


LL Wi 


OVUOVO 


oO © Oo0o0°0 
© N PUNO 
ad ox asa 
© © Oooo 
© S Oooo 
co am amaaa 
= = ay = = 
—Y Y MY 
SJ = ~ 
i == wy 

en) www = e 
Ore OO Mm O&O 
ZOOY¢Y * Uh 

2Zz oO ° 
— ~ LL om Lh 


QD om rt om ome el" mt 
OO lloo Wee 
CDH OO meOx 
Wwe @ el LL et 
Zo uod ~~ 
wwrOZ~ZerrES 
LS mt mer LL et LT eT <I O’ 
Ok OFRSZ=ZaD 
Toa Te SACO 
WYeOWrOdDOOWZ 
CMFSQOCSOULULCWS 


pod 
© 
Oo woo eS 
a OD oO 
oO ro) 
© OO 


So See oO OOOCCOe et OOOSGoOOOOOOOCOOSCOO 
DHOANMATPHOOMDROANMFINDOE DHOANMFNOE OOO 
mt ONION OO ION ON NIL 9 099 09 09 09 0) OD OSS er EIN 
COeeCeoOOOOCOOOO00 OOOO OOOO OO0OOCCOCOoe® 
OOOO COOCOCOOOOOCOC OOOO OCOD OCOOCOOCOOO 
ANDNONDANDANGAMRANAGMHMONNOMNMNOAMNMNODOANMMONOMNAM 
2 a SS) SSS oS SS SS SSS SD SS DD DSSS 
NNMNMNNMNMMNNNNMNNNMNNMNMNNMNNNMNNNNNNMNMMN 


o 
OQ 
mJ uJ 
e ow 
x< uJ 
mt - 
oe 4 e 
Q ay 
~ oO 
= Y 
~x< =O 
© z 
3 — 
@& = 
us o 
O O Uh 
k~ © wat ON 
= 
a * oe & 
ey) Y Us co 
a. a zo 
z WJ — 
a o~ WHY) 
ve - 
— Ss wat 
<— = w= 
== Y aw 
= © 
ele <_ Ou 
O aI Lu 
bot a eo 
ae — ™N Zu) 
= <a - t=) j= 
* Lj (eS) 
e x Q aA<q 
ee S ~~ 
oat - =nN WO a 
= c = Pal FS lw 
aw ~ = aw <a ~ > 
~~ >< x AN Ww -~ — « 
oO fO = ao b= >< - a— 
oS = ae bt <~ = 
= CC UL aaa 00 LZ x< « Q | 
Zz<aizZz ie \vw~w Coo qi @ + mae 
o = OX = bh = = ~_ Io 
Odie = Tusus mwWt— = ih uw = Il 
~~ FD = ake wa 1 e oJ 
atO - a ow a uJ - | —.e 
—- Oe om xo Pack = « = ot OL 
2 Co = exes ae = cc > 
=— WD ates ZO _— = ~ <I x 
ec mH TPR eH <x w a> we + we cf 
oo Sab AA <<IUWwa (<a e = 
© ad aww ee <> aele a= eke Nee 
Ym KOKWOSD =7NeO SHHODM YN EO & 
woe <i SP>WUNX< Keo WH YC ete WHO FT 
2 2Eq SBZZ ee n—IXKnNUIN HRM & eSNs+ & eH 
=~ met me OQOAMOKES ZEN eR De ZOHO ter OO +t 
hm we Se SSIS QWOW it ms ep ew I ANoOw~nNN I 
> ADO ZHMTDDAWWNOMFY +e SI Ie nary 
© O OCO22 229K KHM NS Aeww All eww 
CO ee MW cw ff XT I I we Ie N em ee e I 
Oo 2OQ SEZ NET ila S>Ste il il = 1 — tf — I 
> we Om mei Sex KY ZOrRLONYeOKR~ZeeZzON 
YW CW YWODOKSSX7~C COOK W See SOeKMYUS SVS 
(LSE Zz 
OF =O 
OU”) OO oo N 


119 


OCOODOCDCWOCOCOCCOOOOOCOCO0OCO 
ANMOMPNOMDHOOANMSNOEODDOAM 
LILIA ILA LALLA OO O00 DDD OOEE EE 
Sea oo OOO DOCOOCOOOCOOOOOCOCCO 
COO COCCOCOCOCOOVCOCOCOCCCOO 
ODNDMDDNDDMNNDOMNNMNODONAODTHOONMDAMM 
ee 
NMMNNNMNNMNNNNNNNNNNNNNNMNNN 


am, 

wr we oad 
9 
1c 
= rm 
+ oL 
~~ X< 
i 
bd SS mt oom ome 
Mm + AS > 
OF ODDS 
+ mete MP 


eIMAX) GO TO 1 


aH am Od om 
Sd MO ae NOX 
CeOT ens «KEN 
RKO &aoNde NAN 


a 

c— 
iN) 
coe 
al 
woe mem MLL 
Tek’Me WY 
LOS Omer 
CY eolf\f e 


yee DATA (G)y OBTAINED BY GARRAY, 


OF 
CMs 


qh awile = 
UL OL) eet oe} 
We se de <f 


“x it « Uw 

mRNI Ile Net 

bomet o = 

we Oe 

Oell We 
eux x< Il 


THE ADD-ON FUNCTION GARRAY FOR Z=',F7.3,"'CMs *) 


Cue iy 


“N me MMe KN 


Oo | OO ZR ZO Vee ee eee 


+t ee RR RR REE So 

awe MOeeHWK adie ade 

POW ee eer SUS SES SS SSD 

mMLOCACX YY eeRKO 

—~OOC YK ORR LYOOOODOOCOOwWzZ 

DS mt bet TS TS at et eet es SS LULL 
w~=d 


onmo 


I CO he mete 11 OO Il 


o 


oO DMONn SEMAN 
DQ DAARKDAAKAO 


SOSIeeQoqoqgqooqoqoe SCC e 
FIN OM OKO ANIM SUNO-- © DOANMOsS 
er P——YOODODDDOND®A CODDAHNA MH 
SSO CoeooceoqooqsS Goo eaee 
OeGSeCeeQqge eo qoooo @SaeOQeoe@ 
NDDAMDAMOMNAMDDDAMNDMMOad omdnna 
i=) =) =>) >) =) >) =) =) =) =) => ee) ass) =) ee) ee) 
NMNMNANNNNNNNNNNN NNMNNNN 
® 
Zz 
Iq 
ew 
Ow 
-O 
ew 
> ae 
< eal 
ow z 
cw Nr 
<< Oct 
oo 2S 
<= 
UL a2 
oO >< 
Uw 
z ~ " 
O OMe) 
= e 20 
oO @Z < Yn = 
ee) = -Z + 
<x a > ctw Ww 
= -~ w= @& 
= > = WN x mm ~ 
~ ms Yn == q qo wn 
< ow ae “mM = oO = 
= pe os o > = b= =o 
= WF NN NS ye Wa ~ 
ye =O = Tze Ww Tw W 
LW Se SD met Oo Fe = 
Oo FN &§ PI me Oo = 
CS) CX e Lr = 
rs [Ww Fz He =: ok > 
YO 22> = “Oo ~ “bw wo 
ye) tad oY YA 2D WwW 
Ol ae es — OWN e 
e = WO Ne i | os 
O KW We mee Q wmw > 
—-> WN ~ = ey t~axe NM 
On CY aN ore) >> 
O as WY De ~ aN « 
eu = me “ ze 
o ~ we — Oo UF > 
N Wi L—xK >< oe Y 
~~ TW NxXS e@ ~ We > 
es ee > NS) pW e 
aye! — o> ow ww § WE Ss 
OO RL = Lo =O > 
a) IxXO~ QO 22 N" 
> O22 m==zZzwe — at > rot 
a oO ht - uw VY) 
Wee = SORnONS 2uwu= 
Ww ce ee MMe Ww OW »~ 
we WZ & &©OO a ae Y 
m ZY NORMS bt ~ ™ 
—- Dw aed waar ee te ee — W<t 
> ake 2M = = ooo) eres aes 
Oo — O2WwaIate oO r-OoO O 
LC Le Swe TaD oe COS 
[oon © ee ee) an no = 
ya Omxy C£OOwZz >a 
+ YN De VOOPFULCWMN OM ke UO 
eo a0 = Wo 
© Ou © “oO 
© © 
oO oO 
oO Oa oO 
OV VUUOU mr Ow UOUUUO 


12¢ 


COoeeoee © OOQCG GO OQOoO COOOOOC OOO eCoooooo oo © 
WVOMDROANUMSTADM™ DHORAMTO OP DHRORNMSNOM- OOO 
DARA RNOODTVODOOCO DOO RA A AA A SS ANINNN NNN 
(al ol @ XOX. Lan lom kan am am bom lam Lam kom Lam Lam com kom Lam Lam hone Lam Lam Kam an Lam Lam Lam Lam Karaka am Lam Kamien! 
SoS Soe Oooo ooSGoooqqoooood oo oqeqoqoo oe oe©o 
NOOO MOOMONMOMMMOODMODMOMMDMDMODOMDAMADMAMAMMOMOMOMo 
DIQI QQ] 2a) 22 =) = = ps = = = ls | a Se ee ee ) 
ONMNNNNNNNNNNNNN NNN NNNNNNNNNNMNNNNNN Mn 


mH e& 
est 
fo 
ie 
ee 
wou 
NID 
a << 
= 
= 
nN 
wt 
——] o> 
_™“ 
Wo 
Le 
Or 
au 
— = o 
= > - 
re WY i 
& = o> 
” = on ~> 
= —x< \ IW) 
— Yt aoe a 
ne oe > Or 
= 39> WY Wa. 
a 2 = =. aw 
YD vax oq 
> ia — 2a 
7 QS was 
=~ < qt wN\ 
— => ~” Co es 
oS mY g the 
St KS oe ke Ou eo 
2 ANAL CD” >< oe 
— Se 1a e Ne Il 
~- QW & es Ons 
N ea #O > 7 io> 
Zn KX om > WY Il W>- VY) 
=xaIoOn = =D N “7 
edIs> «OO ~~ - 
tt met >< e & OQ e" 
Zz eO~ & XK a o 
mm @ lL OR Oct Ule o 
°<O ow o > 4 Oo OD ee 
OAEIZSNI— WL am) <T O a ee mOMm « 
== © oOrF= ~ = (Os es 
Oni anmanmZ =X = Do ere x Se me he 
~~ OOO Om OZ NAM ~ | < ome LA LL 
SOMO Oe WAKO eS HDDS aaa we tLe oe 
QO «ee MOYES Ie HFIP PMOO OON.e Il 
met FA tO ON HNN eRe tO WIN OX 


NOZZZ eo er STIS et Wl NN ES Homa we OT 
rnd band bed PO) SI) Oe I SI OK I OEMS DOR OR KE 
ZN ewww MDZ LO IO I INO Zee OS 


a Wiles NO SeODVSzE =MN & ewseded & 
SWOODH KM Tew |] Ve STS tt Tt ete SS = 
Stace Se >S- TD KY KS tm Uh oe FOO Oe RO 


Oe WWWYMMLOLNOLO™~Y~ ONS Onww hw OLOO eZ 
OVO LA CS Lwth a DOH OROODIDOMBOOOO TO aay 
= 


Qor 
= a MSPOaMaMN 


co0001 


oe 


OO@eceleeao©® 
ANMPUOE ONO 
MOA MMO CM MOO MO 
ee ee 
AXIYAYXYAQYAIDSS: 
amarnmnnnnaa 
S555] >>> >=_ 
NNMNNNNNMNMWn 


MAP CALLS SUBROUTINE MIMPII AND PLOTS A CONTOUR MAP OF THE ARRAY 


QO 

za 

<a 

a 

o 

s 

oo 

Fe 

<I + 

N 

> ad © 

are = th 

- ~ <=. 

a ad Se 

— = O 

— ae —_ 
~ 

a = ~ 

<I = 9 

= —_—™~ © 
av e 

uJ DEN] = 

PL 2zae od 

I One e 

- I)) (ce) 

=) YO me OD a a 

S a WoW <t 

co Wd aem an 

fon) =_—- -O~ 

=) mI Om OL 

WY) AO00rF=- 

OUW oo 


ODOC O0O9000000 
PINOT IAOM CHORIN 
totes innn 
eed ed ed ed ed ed ed et St ed ed 
OOOCOOCOCO00O0 
mnannnaoDaandnangd 
S=>5> 5555 >>> 
NMNNNMNNNMNNMY 


Z="*F5.3//) 


BAND=-BAND 
M 


ND.LT.0.) 
614 
TMP 

1 


A 
0 
I 
A 
R 


Of IlAOr4IZzD 

woth It | Or O 
LE QNNYtOwZ 
=a OZOUCWPE 


cooool 


o 
+ 


OOOO COO0O0C9O000 COO COCOCOCOOOCOOOCOOOCOooCOoO 
MOFINOM OHO ANMOSTOAOMH DHOANMSNOHDHOAINMSTNO 
LALLA LA VLAN OO OD OOD 0D OEE EEE Eh OM DMOMMAM 
red ed red nd red rent reed reed med ed need med red ed med ed reel dd red ed et red ed ed et ed ed ed et ed i et ed 
OS0 0200020 OOOO0 OOCOC OOO COC OOCoOOCoOCooe 
ADNDANDDADCODAMAANADMNNMNDDNOADDAADANDNNADNAGMawca 
SS SS ea a Se SS SS SS So a Se 
NNNNNNNNNMINNNNNNNNNNNNNNNNNNNNNNMN 


® 
> 
aq w 
w 
(CCS 
<I = 
 -“e 
eS 
=z wv 
= e 
x< 
YY O 
= a 
oO o& 
ma OU 
ee 2 
O Oo 
Ps 
=) ~ 
uw 
Qa. -~ 
-_! UW = 
<< ~ oO 
we WwW = 
Oo nm ~ 
uy = ~ 
ee WY O x 
Zee 6 | 
i <— _~ mm ad 
xc nsw a 
Ww A wx oO | 
Zz J ede 
bond <I Naw = 
=! ye WIOD ie 
—MEza nen am om 
uU Se eX LC OW 
rr IUMNieatet tt ama 
bho m4 pg OL. SD - ~ ae om 
om eeten + == a bet 
YO we KX ewe LT — = we ee 
= O 2=>y>raIO ~o Io 
7 NQAAOD aw rs ~~ mo mem Il Il 
ee DIOS ee oO we abet) 
qx © ee ones N NY) we wer oe a 
Oo a Keke x<xO -—-4 ol I< Toda 
~*~ Q SrPadaA NS « ~ nee 
(b) bee See ed ~ <>< OOMNWNM 
w TC mK eNO WwW il it <I = 
es) Uh © & ~ N bond => MOx-— 
Ke D> KOAxK—- T”NM Me ved bad apo 
a CC Sen ZO - 312” QIOon OOdad<aIi e 
oa 7 NSN Fer nNojwe x< —— <a et SS KIO 
O ft ennew YFtNZ "© a = ~ INQNNHN=z= OY 
<anod en eQNaeSnmy aAam Seee eMnZ 
uw YM ada SING Fhe & CeO mth -— be hb | Le 
Zz &—F& SRrZZ AXKXWNEO & oe WW « eHOOWIIOOR 
— 2 =e NNO eT en) eaaw HO ete ee eZ + 
ES met JSST IOI eA SoS Ol amen nent 
D CM ZZQZAMMHHMNOQD YD Iw HI) pond bond ©] Ped at bend bet et] OS Pam 
Oa O002Z270 Won wW twlmo WOW www ww Il © 
ee SST WWI NS MOR eae 8 CE Il INO SOO II 
O — SSS ZTNRNKN we Se Od ewww 2 
5 0 OQOOeest= atu TOCO~mwNN ETCH SOULLU PeO 
W 4 QOVUDO0O70N7]7O FOTIUADVOTSODMNO Het ete LO 
a. 
Oo 


OVO - N 


C 


ae 





OOCOVOOCOOCCCOCOCOOCCOCOCOCOCCOCOOCCOCOCCOCOCOCCO 
MDHDOANMSNOMDHOANUMNSNOM DHORNMFINOHE ODORS 
DMODDAOMAAAAARHBAAHOCOCOCCCOCOCR AAR AAA RSA 
ood el med red ral ed ed dd ed md ed OOOO ON ONION AT CU CUA Qu AU CUCU 
leleleleleloeleleloleleolelelelelelelelelelolelelelelelalelelelelelelele 
AND AMDADD DADA MDADMDDDMAAMMOMMDODOMMNMMOMDDAMODMMODMNMMOMD 
ee SS DD DD Do a a DDD DDD DDD DDDD 
NNNNNNNMNNNNNNNNNNNNNNNNNNNNNNNNNNNW 


aud 

a 

NW 

— ke x< = 

= Mu = 

~ Ta ° 

== se =t 

(eo) Az — —_ & 

oe Se wo wor al =< 

- il == © Il 

a — om ~ 

Go = aes 

ms J (ae aR 1) =— 

“Xoo ea emt Maer 

Gila eh Ss 

u- OO —O 

0 i om ma mt OY 

(md ee? ots ee rd 

ww Se WLW ze 

“Oo wu O2 

ar e ee mW 

Geom J tomes od om yo Ss 
=m ¢@ ar tet on ay One 
ath Qn Wvco NN et 
WFO ww 0.0 OA 

e em a. e @ ~ o rs O™m 
COOw WNAaQ 0.0 a ede 
WILL] eM mom 2a we we Po ean 
ayo! mOdd mil xine 
mY ZO ~~ © 0 WwW CQ SRN et 
w—ede = == OFFZ EF and 


ee @ ooaad 1] rere SKY Ore 
rem D COO0O VUtrdreZzZz ~ eKWHO 


OO eS be ETE HE et CONN et 

~~ =~ a 1 @) omaom 0 0 Cre = WL ese 

— Sf et a eLUL aA eat WOO! 2© © ONKMONO 

w e ewmuj ¢ ef) e ouj @e ee CONN ON Stet et 
oOo il WWW LL 
mt SW mm 0 oO 28 thew - © 8 ee WOOF RRR EZ 
oo sme QO OlAODMDOOOO IlOnOwWwdIdadddYy 
WOM Ow www et OY YMwwrm yyy Ye SSS SSD 
Ze Il Wo wee ff ew ff ew SS OZ KEE OD 


WOVUVQVCOOUWUWULOOLLLLOUWULN OWOOYCOOCOOWZ 
CD DN CO 0. a it et FD tet pet eet et eed ed fed bed Fed fee OY TE ULL ELLE LI 8 


Oorour 
mM + WO ODDO DOO 


COOO0OL 


O 


eS 


COOOOCOCO0CCCO 
NOP WOM OPTOAaN 
NNN NAN NANO) 
NINIAIOIOU OAT AION OU 
COOOOCOCCO0C0CCO 
DDDODDNODNMDMDAND 
a ae a a a ee) 
ONNNNMNNNNMWN 


DWI 
(D ef 
wWwi>O 
CN 
Ouw 
<I FO 
nl 
YD erat LL om 
ey mY) 
Cr wiLe 
wZ2zra2az 
> wet Le 
Zoe 
OaAawka 
oS 26 N= 
= LO 2a 
a vow wil il 
CA) es 
WW LL eR Ll od es 
KOoOZou. Arte 
Zz wow 
m=OOWA 


SUBROUTINE INTERP (A,IM,AS,B,JM, BS) 
ION AC IM) ,BC JM) 


OUVUOVUVOO 





Bao OOO0000000 
MATMOOE DHOANMPUN OF 
MAMMMAMAM Sere 
NNANANINAINANNNNNANOAIN 
No Qe elole lela l ele] ele] a] e) 
ODOaOOOMNAOOOoOoOoOoOo 
Sa SS ODS 
NNNWVINNGNMANNMNMNMY 


bod om [I me 
~O+ = 
Een OF 
toa ee 
OW mm Ow 
—_ em QIU > 
Ll<ai{<_ SO =a 


T*(BI+BS)—-AS 


(RIM—Let2e*AS)/(RJIM—1 o+22-*BS) 
I=l1,JM 
A 
+ 
( 
A 


A 
I 
I 
O 
A 
A 
I 
R 


= HOW hue eee IO 
TOT LP OWL Owe 
CC OO KE Lb, ht CD CD bet mt) OL 


or 
i 
© 
© 
© 
© 
O 


SOOO eo CeCe OQeoeeeeeooqooqoooqooqoqoqooqoeo 
ANATOAOMDHOANMTNDOPY ODHOasINTNOMONOANM 
DOV DDVVO CO AAs SH HAHAH AANNNNNNNN NOOO 
SOS OS! Sle GO SOO Clo Sloe Coo OOO OO Oo ool} 
DY AIVAIIAMADQYOYOMVOLIYAXAPAXNMMOKMCKS SOCKS 
JjJ Dh a a i as YY ae Ys pee rea) 
Cees Ose osouGscuauaces GuGser Glee CTelGuE Gs ONGneras GOeGuGTonouGnas 
NNMNNNNNNNNNNNNNNNNNNNNNNNNUMNNNNN) 


Ww Ww 
= _ O 
Oo < <I 
a me OQ ~~ oO 
i — uw O _ 
: jen QO w - — 
— OC << a Ww 
bond ee) =J CQ 
UL. a < Se ze << 
Oo > a. ll = 
Ww >a <— = 
= ~<a mel w ae: —Y 
Dae qtvv~oor _ W) ol 
| = Cer OZuUucdt x< 
(al, “et Orz uw uw oO 
| ”~ qt Vade Zz O 
Ww WYwWLO =a OC we = 
| Oo IroOwor < ry a 
tnt MtwWwevad (ea a 
| a NZ —f ~ =O Y 
| =D) powt beet ad (OL oe uw 7Y 
| O OOAOFO ( aa oO 
j S NYA «WwW a Ww > -_ 
| OODTD MWe < caw) 
| © qtI”no < cz a) 
a QO wmv NZ =I 
j = Oe Aaa eS ue Sh < 
| ”) Zein. oO os § oO 
=) —OD < se) 
| ~ ~ Aa Joan uw Ow < 
i uw b= _ IOqIOwWe- oO oOo 
| = z = WoO >Le x i w> ~ 
| al ©0 tom — rn Tw WY ar =z 
| <a WwW) > ~ OW > <x i= MW bond 
j > ae rs FAS  WUAOVECS =) ya ad 
i poet fp = =r~ONAO 0Q Nes rat 
| QO ea ZN OZetw Lu WY 
| uw De = CrKOTOW Ye Zn 
b= ox x Woy NEKO at Orn S 
< we e —KOIw<OZzw JO = -_ 
j —! Oz eS wWwtZ aee aa FO 
j 2) Se Ne DPHOOUW < LD On > 
a N> a> ate} OUWLS Yn 2Z— Oe 
| rad - Ye YZe OOO < 2Yy OF 
jw Ww Ox <x <cOo0w é: us Lal eS 
Zz be pew OO LUO Qc WY ew 
ms > uw ae Olt @D>Drw ug oO uw 
=i _ IZ BPS U2 5 Zu Le 
; a ae Zea OCOOZDANZ Lo -a2m a) 
VW? a) qo Wi =OZz>— = feet faed ms oO 
uw Oo. Safe Oz Nn Im 
Ww OQ MY Cm” O Ww WUE eis 
poe best —_ Ww poe ee ee Qu ZO bool 
i! > YI Nw kK —_ WD me FZ 
he WO wai (Oa) 4: ee YY a3 &-oO ao 
D> Nw mL Let oe 00 00 mm ee Yue S55 =a: 
OO Oa Wo YO wx>sx > Ye> OM WD 
ec a © <q cc a 
Oo < ” = c ~_ 
(> 2 ” Ww Ww = < 
+~ nN a =) Q [a Y) = 


WUVUVUVYUVOUU UU UUU OU UUU OO DUOUUUUOUUYO 


124 


Page oo olaT 


WOE OPROKNN 
MMONMAMM Ost Srey 
SOS Oeloe!e 
CoOOCCOOC0CO00 
ee ee a a J 
aaaaaadgooag 
NMMNNNMNNNWY 

e Vay 
© xO 

Na oO 
LLJ pant poet Ort 
= Fe Fe 
me Nf Iw 

uJ J ww 
Oe Na 
Zita AO 
— <I oO O>- 
=>w a 
ge - == 
Oana Li LU 
Lune =a 
“awn 
LL) = a & 
AOE W>- 

Y) ea 
amnOQ Dat 
mt TL ak 

Y) == 
Omo> oo 
we WO 
Y) = 
Den ~z 

UW <f wo 
WJ oO 
mw —— 

lw Ore 


Noto on 
m= OW 

Zu alu 
uy WwW — TC 
= To = 

Oo ~ 

4 OF LU ow 
“Litt = 
LL LL —Y 
wn i) 


LO Fd 
f= = LW e< 
reO = 


E 
0 
A 


OVOOVOOUOVOU 


SO GCDOCOSGoOCOOOOOOCOOCOCOOOCOCOOCOO 
TOM DHOANMOASTINOE DRHOABNMTNOSDMNORN 
PSSA OMIMINMLAAWIAIN ODO DDD DDODOEEE 
ODO OOOO OC OOS OOS OOOCoOO0O0O0OCO0C0O0O0°O 
COCOCOOOCOCOOCOOCOOOCOCOOOOOCO00oO 
eed feed ed ed Fee) em Keel Fe ees ned Fe Pen foes fn) ose eee md ep py ey eg 
aaaaggagaagaggagaagqgaanacangaaaqaaagaagngagnaaaa 
NMMNANNNNNANNNMNNWINNNNNNNNNMNNNN 


OLATION) 


) 


OR_INTERP 
2+C(35K)) 
*24+C(4,K) 


UL 3% 


3+ om 

LL) om ome 

Ore 

zz 

Tet < 

cx | 

ie 

~ Lm 
= Om 
Fae, + X< 
a out 
Co =~ Ox 
—— = we 
FAD) = at o& 
<x > NC ~ 
~ & ~ Om &C> 
tee Pdi Ow t 
~O = Om 
rem KN uy mm OO we om 
<—O ee & ~ Att 
we Se — “I LL ome ew 
LJ we SS oe o~ = f= >< 
Z2ar>ee +O 0 « wai 
med ook ~ m “ me 
am ee xX =~ e = Ree x< a 
AstxX< —— wd cae) — 2 |= 
xO Ze wn - wv xX 
W C= — mo w= _ rO+ + 
zz Ux ~ x<-+ ~ <a aL 
=O aI ee ix OUwz 
Ree Ye Re ee -~ -ReE~ OD tw XC st 
INN ae ~2Z2f2>2 2rZz ew > 


Oz ~= OC Noa) HOM I eCHOr TI NS 
Cw ¢~K RPrRDKREDO +S le xR DI re Zeer 2 
OSs See Ze Yew ewe ZeY~ HM eZZeO 
Sect HSU Om Wl er ut HH ORO tt 
NOOO CW YO > SYS YOR > YOOL>> el 


NO MB NS HW et ON OM Rei 
~ 


™ a od Ore 
=) 


25 


SoOOSoo 
MIN OM COM 
Leh 
SOOCCCSG 
CO0000 
i 
eSaagacg 
NNNNNY 


) 
00) 0(300) , P( 300) »E (300) ,A(300%3),B(300), 


Om 

~ & 

any 

wu 

~O 

oo 

my 

—= 

Ow 

O> ~ 
bf Ww 
—_/ om — 
A= x< 

Y= 1 
x< =— 
Ww > 
en ~+ 
mm ae 
eo i 

DY) may x 
OZO | i] 
CWOoOtNes 
oss Il Se 
Dew S Om 

NONZAO 





COCO OOCOOOCOCOCOO COCO OCOCOOCCOOCOOCOOOCCOO OOOSCQOO9CCC0C0OO 


OANMOMTNOMDHOANMEONDOEDHDORANMENHNDOEORORN ANMTOAVDMEORDORN 
DDDDDWOCADDANAAARARAAAGHHROOOOQVOCODO0ORA A ODOC QO0C0CCOn aS 
elojlolelelejleijelelelolelelelelejlejleleler. lalallala tenkelonlen le lenlen OOOO OCO9O0C0O000 
OCOOSSOSOTCOOCOOOOOOCOOOOCOOOOCOOCOOCCOO SeaOeGoooooooeco 
Seed feed ered ees) Feed fee eed ed fed 9 na ord eed nd ame 99 9 ee 9 Jd Jeg ae eg sep ps en) ng sung Fey np gD bm be be ee pe 
OAGAGAAAAAAOAKAAARAAdAAAARAAOAAACLANDAOA4 44 WW UW UU Wa Ws 
NNMMNNNYLNAMNNNNMNMNN GN NNMNNMMN MN NMNNM p> > > > > > > > > 
+ 
+ 
+ 
+ a. 
+ <I 
+ oe 
+ e 
- + > 
* Da< ~ 
+ Ow = 
+ a? 4 O 
+ zat OO 
+ © = 
+ OH « 
+ <q _ 
+ ata a) 
+ O _ 
3 & bom & 
+ “wn za 
+ UJ = i 
+ be LU a 
+ az <I 
+t ey 
+ cea N 
+ a. a 
+ O - 
+ Lu == N 
-~ + Lh << 
oy + p - 
* % za a2 
om + zo TA, 
' + Orn co 
~~ + oY) ~ 
N << + Ow = 
* % + Du = 
= ~ ~ * Or - 
oe = on Se + Oa. za 
= ' om ~ r, cc - 
% x ~ a. + OW > 
~ ~~ N a Ht + ay ~ 
ot a. ~— + Yam % dC) — 
~ ' OO om =) % pl) Ma — 
a, =-.0., — oe | =o Qa + e.3 | a. 
SZ mom | — a= ao t+ uw + =w = 
~ eer ~ I \~ + we + _ ~ 
~N N wn aAa~ (yaw — <f = | + a — > 
~ QO *#aAn mt A Nt a rien tN t+ bf = cod 
SC Nem hw Ot oem (~—~ -— mA! ~w + > bh LL <q 
~~ HANAHAN | YY NRE REO ce Ixa # =O oO 
> Pmtwewwr tN PW OY Ie Be ow ow eN = teeN e+ WwW 
1 Y¥wOOweN ~YKIY | aes ~Ht —CO-0O-— # 2 
Oss W | mow oc Se Oe OMe dt IN Ew nm st em st + mM WwW 
NFS 1 eH NN SH I MNOF INN OS | e=OYYYY %¥ DoW 
me em er ome tem me tO | Cm ee ome Mle ewww ww % oO Oo Lu 
MH NY I OANKNYNN YO Mest | SS Se Mes NN SS * wt a Oo 
~S~ ie Wun nuK tne Nt twe~w I ee tH OH rr Oe << 
ri WNMMANM NONE) OS Nevo ene > 
om (Tj Bm em weet mem Mem in meme SO | omen 6 mee oD 
SSM MAHANNNN YY YYODPSZLALA I CMe AAnntra 
OWwWoOdt tte qONoadtond ood OnZzoOrYnNNOAGVOOCOTW © 
N 
N i oO ~ © 
oO 
© 
© 
YUOUVUOUOUUVUOUU 


126 





DODDDWDO DOO OOOO COCTC ODDO OCOD OOOCOOO COCO CO OOOO OOOCOOOOCOCOO 
OTINOMDROMNMSTNOM DOORN MOTNOM DHORNUM TIN OM DODMORMNMENOE ODO 
dm ct et ed eed Mt IO OI OI OI NIN 09 09 0 09 OO OO SSS SSS EF LOLA LALA LALA IN LNW) OO 
OD DOOVDO ODO COO OCO TOO DODD ODO DO DDO DOOD ODOOOOCOCOVOOOCOOOCOCOO 
DDD COO VVVDOO DOOD OOVODGOVDODODOCODODOOCOOCOOOCOOCOCOCOOCOCOOOCCOO 
Dm Bm a em te be em me er ee re Re eee Re eR EE 
WU Wd 0 G0 0 0 0 0 0 0 Od 0 0 Wd WW Wd WU Ws WW Ws Ws Ws Ws Ws 
a it cv ce a Ph a Dae ame an ome oh Ns Soa) au DE Spe Sn oe Sea aoe ed ce ps 2 Sod Spe oe Sh Se Spe Se oe Sr Sd Se Se ee 
) 


=~ oc Q Y 
=. © “Ww ww Ww WwW en e b= 
- cc ~ — = CO « Ye ® ~~ 22 
=z Lu Zz eke QO0> = Fe ZS YD) 0 ee ee be ts 
ome NY ONat ewUiIDO & <I ONMwWWtaza=m OO 
> sz (Ses ae O -= mms (OT Ie NA 
“AD Ore ™—“I-O YM De m= FZOrOU~ ef 
OQ mJ We Oux<w ww ao mS SF WW Le OOS 
LWW a He TH WWF Oo Lib. SoS De LL et ee 
= QO CMNO aOZz= WW QDwOZ==ZzxvOa 
O eke ODN 4Jo = YN Ze AIT eae 
od —coO L MWY aaa < OO Om YWOen w~ 
"Y tN w= w ae Ske UI) eri —eW OOH TZO 
za Nit Werow — Kee CA a. Z OW WNeOWwlL 
Lu ~~ bet aOw ee eS) Lele Les mest SZ 
= - 2 UL be Li Mme —- OW LW Ot OD pe we es SL 
a el WwW DDMe OO OO < = akK-IJ0O NX eet 
S TOre DOQ &F-& ZIXYW ww Ie ee) I CY eye US) 
i220 eS EID ewe DY AW Ie FOG 
@ Set Ie OUO Wen O maz MEO mill ZF WwW 
OQ IyvD SBOKHSZ DF |- YY =e aU eet OD 
Ly ly DO Oo == O F> et Weems WK ZO 
2 CO e277? IW meee OF OO GTMWNNII ees 
Dd >} HeHMINOIMOS|=MYM De 2 aw ee Cdtwe=zt Oc 
Oo e—ZOeHO ft ODW W me SWS Wor zat 
me eFWO NEL OOS con ae =sO> DStl>@anw 
Zee We De ea a>— aa Uiatea\oo} (Yaya 
oO — Ont wewlL Taw yy oe Yo oe Omi 
OZNseWW K~YTSZwH Owed ow fa W YU Le FOWL) 
SeZeCKOF- SY Ste = 2 mee OWOLT 
Ww FS eRPYSZe NS Teil = Ou 2st ee FZ TD ew 
QONDH sei eq—WwW FS Ww Od _— Zea OO 
ee) Cette ee eM ar 2 COMA tao = 
Oo0ywd '!a 2— NES WW = OL AadtZzaqonNnert 
meYOOAWTeRMe ye Wem Ie TS FE SL SSZz—aOwa rTM 
ere CK zeus << = ZI D Woe pee 
mH Uae Om wert OY te o> WdIOrm WwW 
TOOOr-es<XYE KSEWWESE= oO tt MNITOWZWOMOM 
Ce LOzaAcavod A> er Woa2> WrOF- OT Wa 
CYeY HODWeIENZWA D & eO ow ZeteiU 3-0 
QW} FS SelZqn—ODI wO WOo> =—~—~OwWwN OID 
NOToOaTih—= <~ Zhe em DSeicf pan) CY em © bat C7) fe 
(essen att <Owuwmna ao © aw OgTowr IYREVHNY 
ips) a) Ys <a le ee (os) Cee WN Wty tw 
me SOO EIN OO Ee Te eZ LN YL at met pee a’ 


ping 1 


Q 
ae N 
Zero 


Ni 
< ca 


DESCRIPTION OF PARAMETERS 


ae 
ma 
= 
<I 


IJT 
ICON 


REMARKS 


ws LOFzFOw-= 
—™OOdgr-AaA IDO 
wet LL OE Ea 
AZ ert UIT 
= Wetyodwire 
Ei tcre te CHO 
See Fr OWOrF SO 


SUBROUTINES REQUIRED 
NONE 


METHOD 


FO ICICI ICIS HGOISGGISI GIGI ior IIa Gick tala giatciok te gest aakeaak slag ake aka ake ake aca ake a ake a ake a a 


MTMPII SUBROUTINE FOR ONE-INCH GRID SPACING 


VUUVVVVOVVOYUOUVUOU VU VVU UO UDO OU UU OD OU DOU DOU NOU OU OOUUUYU 


dai 


OODODOCOOOCOSOSOSCOSOSO OC COSCO OVSCOO OC COOOOCOCOCOOCOCOCOOOCOCOCOOCOO 
ATINOM DHORN MA PYOM DROOMNMASTNO™ DHOSBENMTNOMEDMOMINMSNOM DRO 
ed ed send eed meet at OI ON ON ONION ON NON N09 09.007 09097 0 OO OD SNS SS SS ST SE TLE LALALAIA ALAIN LENO 
slelelelolelelelelololele)leleloelelelolelelelolololelelelelolololololelelolololelelelelelel(siole) 
Seo OO OCI O00 OOD OCC OCCOOOCOOCOCOOCOCOOCOOCOOOCO COO OOOOCOOCOO 
Bb bm ee bm mm am mm ee em ee ee ee RR eee ee EEE 
dd dW WG 


SSPDVPAARTDDPTADLZASZ= 


DESCRIPTION OF PARAMETERS 


DIMENSIONED YC(N»M 


OURED. 


oll 
TOR 
% ZI 
=) kot J 
Iivr> 
W DU) 

ev oO 


~ tfteaotnOown=M 
ZOO —ct 


Zz ok 
On <r 
Cre 
QAr-e<t 
w> Ft 
=t Te 
eNO 
OoOatDnN 
Ll MN 
ce Ww 
wero 
aOw 
LL WwW 


iw D@ e 
aon - 
ee > IS 
I~ O A 
= TOMS] 

oO =r 


om JW 


N 
E 
0 
/ 
T 
F 
at 


Ze Wee Le 
He (Oe SU ee 
OZNwewW +r Sszw 

eZ CIO 


0 


Ww t= Raza NE 


OND wml <f— 
se ee) Cae oe |) 


OO0 4 
mePCOatIL TRC >WedddeT> 


eer T>W 
Wika DO ee wert 


eo 


w 
uw 
— = 
QO> 
LW WJ CO 
Zh 
rt <TC 
9 >< WwW 
W>w Zz 
aQOz= 
aol a 
ond <LI OY 
See uy 
— fj 
Tw WwW 
MO «OD 
oy  (e) 
Zw Y) 
bent oe) LL) <I 
CL meme NY 
o= = 
Oo -> 
PZ 
a= 2 
O= W- 
Odo= 
za 
2G 4 (UU)jex 
OwwO 
met LW 
Teli 
= w 
— Oo J 


(it 2m NED> Ww 


zh Ww 


OOl-=<eYRK KSWWwWSEe 


wLOoSzadvodt a> 


=x 


CLC MODUWYWENZWA D 
W> SZeHMSIN—ODH WO 
aqodtiinm aI~ 
C20OIwW KOWWs ZO OO « 


LW 
Te 
= |= 
<I 
_—= 
Se 
ao 


AMIN WILL BE CALCULATED AS DESCRIBED 
L 
T 


T=0 
ON= 
Y 


WO> 


ZO em >it 


WOO dee SINE TE OONe ae 


> 
ao 
ew 
cw 
Tw 
i) 
ws 
—_— 
ez 
it it 
2 
ZL 
~Z=eO 


= 
Sea Lia 2wttoo4ztare 
a 
t 


| 
ze 


= 


N= 
oat 


IST 
ICON 


REMARKS 


S) Y 
ee 4 ® _— 
Ye e a Wa 


ZWD) 00 ee be me et 
ONwWWwWdtZza= OO 
mm OT I> Wa 
-— FOr OO— e-& 
met ST LW Le OS 
Vp >) ee 
ODWOZeZwvOoa 
QJ Rae 
Om COe ow 
Ke OareerKTZO 
= OW NeOwL 
wet QSOS a 
OC WO mt OO fe wer et TES 
AakKwJO NX fat 
eA ror) ee (CY eto UL) Sy 
OW aes OO’ 
OE O>miL— a WwW 
eID TE ee ee 
wore WK ZO 
TMWNNTI qe zZ 
Re COde= Oc 
meet LU SL zat 
so» DduwU>~Caw 
2wWwOo@m ws 
Yow a mee 
W YW eb ZOWwWWwY 
he XY OWOL 
2s Ree 2D Rew 
bt Zee O FT 
CAMA taZOKK— 
AamqZzqoncvearat 
STVDz=mOWATM 
qa wake = 
WwOm Wl 
NTOwZzwanan 
WreOFKOT wa 
ew Zt LU SO 
= ~OWN OjID— 
es) ya ee eo mY) pe 
Ogtatowe YVENY 
wy Wists aw 
LN AL rnp ao 
we LOzOw- 
m=OOdgdeaAa WMO 
pet LU OC bm OW 
OF errs YL 
= Wet dOOW 
eiILC raze THO 
See OWO eH SO 


SUBROUTINES REQUIRED 
NONE 


METHOD 


FO CIO ROG OI OIG icioi iii iii 2ole dafok i toi i tai kaikki ak aia ak ik 


> ae = ip > i a i i S - > S> >  > > e > i 


MTMPII SUBROUTINE FOR ONE-INCH GRID SPACING 


WOUVUOUVOUUU UU UU UUOUUUUUOU UU OO OU OO OOO UO UU OU UUYUUUO 


a 


15 JAN 69 


OAKES CODE 5105 


€ 


BOS ee SSCCO00 OOO OO OOO CO OOOO OOOO O OOO OOO OCOO0000 
MFIN OM ODRORNUMTNOEDORORNMSFNOE DHOANMSFNOE DHOANMYINO 
DODDODOORERERRARRE DDDDDDDDDDMAMMWAARAAAROOOCOOOO 
DO DOODDDDD DOD OCOD DOOD OD OCOD OOO OOOO OO CO OOOO eet et tet ett 
See OOOO CCC OOOO COSCO OOO OOOO O CO OOO OC OOOO OCOO000S0 
DF Bm fam am fee em Re pm be bem ee fee em bem te be Be Be fe Be em ae fm bem bee he Bem bem bee be Be beh bem ee be ee em fe he 
WU WW dW OO OO WO Oo Wd Wn 
a eS a eS ES SS SS SST SES TST STS TT SS = 


oO 
rt om, 
— NO 
x< ae Ne 
Qa ate 
-_ oN 
o = 
© atest 
= oo & 
— =“ oK 
am ale 
pet as 
aN eo at 
a. = 
-~ =e slesle 
ae oo * arp 
Oo z2wzm ~ 
Oo ~O Oor 
= Jee Sealants 
~ ee et at 
—- —& “~N ee 
eG Se ale, esd 
m4 6) Um m= TO 
o ea oy o— & 
al) a 
=~ et eo 
= ou alee 
{far ate 
e OMO fae 
NO SF et ae oO 
-_ ~-O~ Nae 
| Ox LT f—4 oo 
<I ow & =oPY~ 
Q COrFO oa =~ 
ee tf Os ~ fF & — 
O ea 0 >< 
oC woe spel < 
me OOO ad = 
r eet & -_ - & > 
= eee TwWyy a AJ — 
xe OFO0 Frc ~— es 2 VY 
a Ses Nee a bt & z faa) 
~ sO Jee ~ oe a co <t 
~ — ow elas aa? exp) mo + * 
~— Oth ea a ee ~ ~ a — in uy 
mn eO oo pal oe >> a os i za + + 
tm el om a oe Oman Gnon — « o 
aAkrO~O +o zx - ee AaARZ | WS oO oO 
Sete + Teale rm Ze mG we eOlUOlClCUM uy uy 
be eet Se ae Saeos MSINOZM Kat e oe cs ~r 
=O~xK—K~ ~o >> ZN em ewe DPetl ae WW oO OZ 
Mt ww cmc N ww sz ZTew ~~ AZ MORNQA ~~ MO ne UVH 
Lie = FOC ast & esis {Weare oZz | } t ef =~ OMEN 
ZIZOZ% Naa * eta ZxX KANN | DOeZz SZ Vw NO "CON fF 
tnt bed (T) == CD) Wee sel date he ZRNODZ He NS #%t 2 Oe eOO & 
fet ee et DO 4a ewe SDD TR LR ZeHSIMEN K AOR AR ROZEY O 
Da rN=ZM aAtrt > Io 7ZZrow TSR nNT=> KYMIaet + oP INI AO 
OF Zaz saa FP NOOU Neat ZOGHEO>~UNONWNE NOBVS=Zt tee 
OC J LU LU Gee SXNAZK ERE > ll Mew ewe Ze ZOO ZAHN ZNNIAOI SS 
Ogs= «= kK CO wet mI ZZ ISO We er ee tt ee 


Sey oe GEL STOOD DOOWUZLUWOULZTOTLLDPNMNSUMNSuLore 
NLOQ 2 ORR + >HOO>+~HOOCOKOMHOAOA IOC aIHENZZMH ZHI Taa 


eS UWVO etal at NOM UW © uy ou. 
ran NO mO Om t+ Wy 


OO O 


128 


Goole Coq qcoeoeGOeoooOooooe © Oooo oo] GooooooeooodooooOoOeOoooeo 
MDONOANMSFNOMH DRHOABNMSFNOEH DRHOAAUM TINO DRORNMENOM DHOOM tS 
DODO SANA Ss AR ANINNNNIN NNN AIM MM DO COM MOO SST SSS SE LALAIALIN 
testes eel ete eS eset es estedtest eed eS eed Sete ee ees eat aed eat eal eS ete a eS eS Sal ete a eS SR a eS el Sd 
Sa OOO OOOOOOOOOC OO OCOOCOOOCOOD OOOO OCOCOOOOCOOOOOCOOCOOCOO 
Bee ee mb ee ee em bm em bm be fee em eb be bh eb be be ee 
UW UW Od 0d Ud 0 Ud od 
SSeS SSS SST VSS STAT SASSI TTS TITS TSA SSAA SSA SATA AAAS TST SASS 


eae 
bed LL 
ca. 
wo < 
<te-= 
bh 

Ow 
22x 
Ode 


HTHE BAND WIDTH IS,E12-596H UNITS //4X,14HCONTOUR LEVE 


™- se 

e a= 

wr < 

— 

Ww x< 

Ld eo ae 

It wr o 

Zz * " 

— om 

=e wy = 

> ~ N 

ae mm ~ 

uy wy mo 

& — e 

x Q © 

wy az x 

« a us 

- + - 

° © 

wy e oO 

+ oO NE _ 

Ww © = 

o = Oe xr 
Zz Il { Let 
— >< se - - & Ww 
=<_ x< oam = 
~ awn << WO e o 
> & = cKO MO 
> an age @) ~ OO Dor et 
Innodr~ I = ty e&lU o 
= « eZ wt = co aad ~~ OD « =< +o 
> «KLAM em — - Omx~x< aa oa © 
atm eX Z= a NDS et rr +0— 
Pw ZAAN sy OO ew SIN Oman AOS wW 
Nw O a =VAE SC} OK -—0OUZ Il = 


—O -— INO>- wef -H O el ee 
j— <I <f Naor sO OF eO Ore wy}} IJ}Oate 


© 

oO 
o a 
WwW Ww OO 
et © ” a 
ah - ee 
esti & as 
+z ODO | O 
LL OO 
ZI I Sz 
esa N 


ZZQQan JH SD ® 
Hniaeto OMOODNZo+ 
WWW FO! W moO, 


ZeawrZ2e OALIm~K~O4FON>K-ZSZERrOAINZESZZQA ZNeENZZLS2 Aer 
AE ee OOM NOR DMweHe ONS SesOOKOAZ lee SH ete 
LOWKLON HERE LOK NEL COODOOCOYCIOOLOO NAIA O~w~w~ OO 
CULO St ee SOLO ZZOUAZZ ZH ZODZIDHIDOADOVOD 


re 
FP Wei o* Ore O OO MUNnO 
wy oat iw mo ww OF foo 


129 


me imo OO 
Ww cad On 
“Y wt nt 
O 





Remo OO Ooo OOOO COO OC OOO OOOO OOOO OOO OOOO OOO OO OCOOO0COO 
WOM ODO SUM SOE DROSNUMSMN COE DROANMSNOF OCRORNMENOR DRONA 
INA UU O ODD ODDDDOFEERAERARR DOD DDDODDDODRAKAKTAARHROOO 
md ed med ered reed raed med eed red red ed red ed ed med raed red ed aed aed red ed ed med ed eed aed ed ed aed aed peed ed ed eed ead red ed ed ed ed ed SH SIO OA 
Bea a Oooo OOO OCOCOOCO OOOO OOO COO OOO OOOO OOO CO OOD COCO OOO 
Pe em em em ee bm te be fe tm ee te be em fe ee tem tem bem he fee be fe be em em bee be be he 
QU UU OO Wo oe Gy Lo 
aa ee eee Se STS SST SSS SST SSS ST TTT TTT TSS TTT STE 


ase 

+ Osta 
WaeyKOOO00 
Ztt ree > 
ma LULA 3 Ht 36 


HAZNONOL 

Zea ON 

© oO wad EOMUNO 

oO co 0 ~zZOeeee 
N oO ~m NO ~ | CO00O 
es t SS » wy CeO {ownmitl i 
& a < © Ov On) { > eee 

© e aw © et © Qe =a O>>->> 
C oO w —) & = NOA>SSZOOOOU 
a x a « oO N eO OF eZzZzZ 
= a aS 0 ~ ON I Z>W ee we 

Oo Aad WL + OU N © Ne M7 WWW 
oO - Oo - - OC nAWwAN e S NOWW Za ZerZze 
a a WW a +2 = wy N ON mS et rt es et 
+ .) =a +t + = Weremea oO ~ am A eee LU J dL 

~ It — at @~ = OC 2IZM ~MMY AS CO COS a as eee ae 
COYIONnNSs =~ WIHMAYF ~S COmZ I tt Se nl QO stQrZzZaneewewm 
CDO~OMw OCO~WONwW ~W ODI) WeYyyryYrYOOnDOoWwWZa N +25 ~S errr 
atm Oe OD OOO DE NZZZ WS DOO — KL ues tet 
I~xst MV Inxtt MS LYZMWM HUeomawaaoarirntnZoo ~*~ OFF>> — mmo 

pant et ff me SO ee OOO Sr DC ZOU I eet ee 
ti~— HOH VMN HMH WMMAZ ewe ete eee Pe) ew INS KSEE 


Sa IIYOLAN II YOMMNIOAOZIHOIDNQOWELO DOH Z DRM Z HZ > eR EE KO 


=) 
Ss) OW © OWN OF OO © Oo Ww oO oOo 
A ae + UW OW ce oO Oo Oe NO 
= sa ex aa mY ef =! as ee NN NN 
1S) 


130 


2 Soelelelelelelelelejlelelelelsloleleleleleleleleleleleleleleleleleleleleleleleloleaialele, 
MFO DRHOSANUMAFINOE DROGANMTNOE DROGANMTNOEDROANMTNOYCRO 
ODD O00 OO 4 st St St st tet SIAN AIOQINI AICI AI CUAL MO COM MC ON CAEN OO OPS St St tr 
NINN RAIN AIAN NAINA ANNAN AINA AINA III IAI URNA 
See OOOOOO COCO OOOO OCOD OOOO OO OOO OOOO OCOOOODOCOOODOCOOCOO 
BR RRR eR REE REE EERE EE EERE EEE EEE EE EE EEE EE EEE EE EEE EE 
WW WWW dW WW oe Ws 
Sa SSS SSS SS SS ES STS SET TST SETI TT TS ETT TTS TTT 


et et ed St et ed 
+++ ete te 
elelelolelele) 
NNNNNAA NNANAAIAUN 
QOO000cO Rae ieee on gs 
>~>>>>>> tenia 
AAKKK HK t KH ooooaakaa 
QOWNONODNOW OA eae 
KN ONIN annmnaqadad 
HKHANMNOF © ~~ e 
Owe @ © ee Fe RRR me om me ome ome 
NrOOO0C0C00O0 -———e°--°- Na 
Pot ett) aaa Smt pared bard fed beat Pee 
OCOnd AA AAAS MEE SX aIaiddqddd 
Pi tetee tee ADOSER Pitt 
KHOKOOVOOOO TEI] li itt anmronor Sees et Oot ret el ‘i 
OUSZZZLZZLZZnewewn enn FCO00000 me ae Ne ae ee ee CQ 
ZZerrernee DOOOOCOO +4+4+4¢4¢44+ <Ee=X * 
— OWWWWWWL $a eee ee eee A00AS eRe. uw 
WWeereeeZZ= ww www ww OSS be bk >< 00 coco 0 
Lt ed ot et et ed et LO Se SOK ~ttrueutt ted OQ wwe wwe we CN 
AIZZZZZZZR Ree KOON ewww wr OK KE KR KKK KAAS Ww 
LL eS QOOS Ree HELL Le tee EN 
DHE MN MN UE WE MD He Se SE HE FE Se Se et ee be OOO tt tt et et tt tr ee ee ee ee rt 
Waa ee ll uuu un wo www ww ww TICINO = 
HKMODODOO0O0O Aide este O Ramee HAAR Z0 OOO DON COM es ee eee OF 
tA diet) © © 8 0 0 0 8 te AI QIOOOOMONUNN NUNN Oe O 
ww www ww ZOO O00 OO New we Sew RN 4 SEES SSS ame NZ 
x< KEES M SHH Un <—S ae ei il 2 eS ol 


MHA SR RE _IAAIMN EIN OF OOO ZEEE OD Il ANOLON OR ww wwe SOD IL II 
ODOK HH < MMM ZODODODDOODOOK KF KX DMND VOT ret et et ee FO OQOWLOOO Za 


© oO Oo wn 
Ss uw oO sO 
N NON N 


131 


BOO OOCOO C900 00 COCO OCC O OOOO ODOC OCOOOOOOOOOOOOCO000O 
ANA SWNOM ODROANMFNOE DRORNMTINOE DROANM ENO DOROSAIMENOKO 
UV ALEVE LUN 0 0 DD DDD DOOR E EE ERR ERIE OD DDDDDDDONARORAAMO 
NNNNANNIAINAINNIANIAIAIAIAINI IAIN AINA AINA AIAN IAIN 
Bee GSO OOC OO COD COOCOO OOO SC OOSO OCOD OOO COOCOCOOOCOODOCSDOOCCOCO 
BRE RR RR RR RRR RRR ERR ERE ERE RE RRR RE RRR ERR RR EE EE EEEE 
WU OO Oe OO Oo 
fae a SSS ESS SESS ESET ST SSS SST ST TEST TTS TTT TESS 


1,132) 
1,132), 
’ 


=1,132) ,(HCIP2),IP2= 
i ( — 
) I ) 
) 


2) (BC IP1) IPL 
p 
4 
ic 


ABS( THLD- INTC THLD) )*1000.0+0.5) 


s ey 

ao -—aA 0 

oO + Ct es 

Oo > © me uy OVO sw 

e OO NO me t+ OM = eww 

OeZOy mo * om OO est owe 

co an “a wy ~ eA! Ii ti—— 

N We © we oO wy OOm BAIA 

-* ZO NO o + eo & eon 

Oo wo mr ~ om CN em emi 

oOo IN Yn ry) S ~ oN mt ie & 

CN) zane om OA Oo * r= oOo - am O0O~m wae 

aw o ae 0O OY eid uy x a MO <fi} ioa 

QQ #N iT Y) = mm oO ~~ St = ade} tl ae eFLan 
Oe O wy ¥~ OYYAH Oe OCONWOMN ss =~ UHM Y — | COOH MO 
+2 Yee Y Z~Irnwrsr WOO~-Ot~ OCO~ON~Y ~~ BWP & ete 
mOmy~} LCOZWwaro NOZNDNIN ZeeORHMO aeRAOHMO O | ZMAMNAm~SG 
ee ao WsTOoO SFY DOZ At mi SY] YX ISMI YM YX ee oO ke 


OZOK IL NO Ne RORD NW ZZMOO | ee PO I te PON INO UFOrFaAaAdtO 
RN +tOR mR Rn me Ze PRR 29 t+ ZY am Ram tM ete | ZZZE Zee 
SSIS 9 TEEN TDN DMEMNZ HH MH OT] 9 9 ewe 
OVW Il DW HKO~ DOO I HY DOOOWU I Le Oe Ler Oe He HLL KO KOOOO 
OZ RRSeLOLZ ZO DV LZ ZOOM HMMS QO YVOLT ISITE YOLT VOD SOAS LO 


aA 
Oo Oo nN OW oo oS Va) om w ou On @ Oo 
~ © oOo Oo oO ANM Mm tris ty Oo Oo ~- 
NN N NAN mo MM mM mm oO mn am Mm © 


ii 





Ooo OG eG eco oO © OCC G eo 'o'® 
DOAANMSNOMDHO KAD SUOM © 
CDOCDWOOCVO0OD000 Saath Aa Aa HS 
AIM MAM MAM MAMDNM AM MMMAMN MMM 
SloSe oO ee DOO CGCe eG 2 elooo@ 
fo fe be hm Be be Be be be he be be ee ee 
UU 
b> i a i i > 


© uN 
oO oO Ww 
+ +t = 
~ w - 
uN uN ~ 
Oo a. © wy 
mM OO + = 
e Zz ~ i 
uw uw & eS ~ 
“ or a a = oO 
= Mm O Fo ela CN 
- oO + x 
ul =a il COOYWYONA = 
ret Soo SL | — OO~Or~ OO 
JJ el) {as 
Ommmawomnz oO Oo 
Onu die OF Mf 
Mmm mne ANZA 
Pmt bed nel feel Z| ee | 
Ow~~~~ONuIo 
ATADMDOVOUOD=TMDO 
oO Oo WO Ww ON W 
co oO AO S at 
mo om mt + tr + 


elolelololejololelore) 
OANA PTNOr ARO 
NANA ANNAN 
MAMMA MMMM MMM 
(elelslelelelee(ol(ole) 
RRR RRR ER EEE 
LW WW Li bt LU) Li Le LU i LU 
SESssSSsee= 


1,132) 


1,132),(C(IP2),1P2 


IP1 


i~x ] ~ is | aS lt 
CO tt I if mt met et if me i et OO 
+O mS em tt YY OMY RO tere ZZ 
DI I— HOH a7 HOO =]5 9 Za~w be OO 
WU ad eet Oe I LL I Owe J OAKS 
YS OY OOD JO YOUOUROUAm a WwW 


ON OO oO 
NN MO oO 
tr + Ww 


133 


SOOO Cle Clee e oee@ 
SAMS IN OM DRO AIM 
ad ad ed 


NMNNNNNMNNNMMNWN 
aa Dla] aS 
tedqdddddddatite 
ODOODOOOOOOOOY 


UTED RANDOM NUMBER WITH A GIVEN 


L 
»SvAMeV) 


c 
N 
CALL GAUSS(IX 
DESCRIPTION OF PARAMETERS 


SUBROUTINE GAUSS 
U 


R 
USAGE 


OUNQOUOULOUOUOU0OU 


elolelelelelelolelelelelelelelelelel@lelelelelele) 
FINO DRHOSNUMT ONDE OHNO SINO © 
et et te IOI OUI AUN NIN UOMO MMMM CM 


NMNNNMNNNNNNNNNMNNNNNNNNNMNNwn 
SS) = SS SS SD DDD DD DDD DDD 
aqaddddaqddddddddcadaddadad 
OOVQVONOVOSO OO VOUS SE OVO VOVOVOONOOUY 


=k 
Ox 
Ow 
CZ 
ofWw<f 
Oradw 
eal Ww 
W<f oe eo) 
ZWwW ma 
mrOs << 
2uwoO J dome 
Ike CG aa(ed 
Ier-Z2w = Oc 
—- “YN Y¢ => 
mae D OC F& 
=NnO a D= 
MW ow moO 
CdDr-O WW =A 
pleco ste Oe 
mom —- ea 
= aw NM 
DOY¢Z Wes 
Zee CO O04 
Ne < 
Cree D 2 JIS 
WroOoO oO dae 
O- LYK = FTO 
Wren &F& YZ 
RKWdw> tI O 
Zz =H = 2a 
bed = OF > Ww 
MOwWWwW We 
Saale = 
CO wt et fm et p= OL 
OuwuZ &-O oe 
=) Ce) 
ZW MOOdt OW 
araq va 
Ke AMZ Zw 
2 z2zWwaa ar 
bt Zt be pee LU 
AOQd<aI WY = 
hm Ree“ 
ZN ZWLCA0OA0D 
Or OZ We wW 


OmOwW awreaw 

Oo OOKeD=D 
erst eOw 
NOS Weitcr 
2D eW>YOYO> 
SNZOYK - 

WY SeKRWHWwW 
SWE D2ZteH rT 
eee Oh 
t | t 


~< = 
tend Y <I> 


THIS SUBROUTINE USES RANDU WHICH IS MACHINE SPECIFIC 


SUBROUTINES AND FUNCTION SUBPROGRAMS REQUIRED 


REMARKS 


RANDU 


oz 
= ae 
Oo Or 
QaA- =—D> 
ZZ--O 
Iwiar 
Crema 
e>D 
wd WY 
Ina 
Se WwW 
ce aL 
OKravéke 
Zja 
Se) 
ULI) me 
be LU <t 
DIkee 
a WN e 
=W FO 
eon e 
Or2ZzOoLt 
IW- 
Oe mW 
Ee SZ]Fl = 
Ww<tQ 
MS ws Ww 
Zeo= > 
WW WA 
oraz ma 
Zz=RKWMwn 
yD xooew 
ee et LL) OY 


Plex pEleé 
On wWDW 
Qala 
Ze O 
qj =a 
ear ro 
COoOW 
ZerEZL 
w2Zait- 
OW Sw 
LL) ~ 
— Oza 
arreaw 
yes} (ale) 
OLWZ 
NNW 
eve ZO 
WYADL 
MaD 
OWS WwW 
OnDoarY 
rTTaZza-ea_t 


OGYQOQOO OOO OOOO UNDO OU UDO UU0OUO 


134 


Oooo000000 
DOSNT ONO 
Otro t att 


NNMNNNNNMNMN 
SoS 
daiddqaqddaacd 
OWMOOOODOY 


ROUTINE GAUSS (IXsSsAM;sV) 
1 
( 
6.0) *S+AM 


elelelelelelelele) 
ANIMIST OM OO 


RAND 
RAND 
RANO 
RAND 
RAND 
RAND 


RANDGM NUMBER 


AND 


SUBROUTINE RANDU 
U 
D 
1 


uaa av ate. ecatane tala tata te Nebeta avo eratcle re aietete ee iataealele 6 6 eels 66s o's s aisle e's eels e eele 6 606s es ORD 
0 
E 
I 


OU VOOOUUOO 


DODD OO ODO OV ODODOGCODOO VW CDOOCCOCO OCOD ODOCOCCOCOCOCOC0COO 
OCSNMTN Ol DHOANMSTNOMDRMORNMTOOM DNHONMNMENOM ODMOHANM 
ted met rad ed et ed ed md ed ONION OU ON CUO AIA A 0909 09 0 CO OO OO OD OOS OS SE TLL INN 


SScoooonocooo oOo Ooo OOGA OOOO OOOO OCOOO OOD OOOOBOAA000 

ele aeac aN N GON GON N O  GN NSG ON GN GE GPG GG GO GE GGG GG 

addadcddadddddetdd ddd dd ddd did did ddd dca 

COCO eee eee rer ee Aa eae arr ae 
Ww -— 


~ = NY e 

~Y *«K WwW) wrwW <I e 

Cm WY WY OF wW ale e 

Wher ae ~ ONnOO = _ e 

OZe— |= =i eee ieee ee e 

Ww Wwe 2 CoE a corm oar w = e 

—- + Tu = Onz Over W =—wWw TWO - e 

ZkeODm KM O Cery zr RU A Ne KN ed e 

vant CF) Cle QAQOwwW <f Oo NO Ww = e 

ee(Q) é=) EC LCD et yr cet CEE) oO e 

e Onmnw OZ wo ASZIIWZWwA © COrFzZ © e 
a @ QCtLrme WW Pa AQOIMAZaw Ni <J = { e 
Ww a=) Yo =m =IOOsWY OY SOD Wk) Oo e 
ao Wo Om -— SW qe OU at CO NUU-F N e 
= >~Irs= wr «a ONS Z mM Odea () e 
= ZEeO keke © O = WOO <cte Wl eK Ley e 
a qf oO = J ZWWwW DS TFeREWITDON & al e 
cz Se TOW eee W YEE OWRHZ << @ 

= 2WwW> GO SOwOo 2Oegq TFoered OQ =) e 
(2S =f mL ~ OWOFZULOfRe=— CW w Ww za e 
eS TIL Aw ao Oe eWOO WNdt>oe WHrFrOWe << e 
=z hm IW OO We MWmWATDy OWe ise WOZae mw Sa e 
< = O C2 Fe NL OO WZ0NCSaOddee D ‘ 
fad Qe wit > =ZWONnNMM< xr >t G = e 
OnwWw Ov oo WYez ND COW ewteoaa w mo e 

od e> = bot J m= AZD WW eWWOOrvrwTL co a zZ 6 
<< mtd 6 We NW OUOWUNt-RFPZNndToOm 2 med o 
Ww WHat Zr FO ST ee COWe SIL Wirt Ww Ze e 
w > — > ~~ — Nee See INWYOTKNSTaOZz = mY) e 
oa (as) = mm LU Sato rFeaItOuer COO Aa «et Ww e 

(S Mm Oe OO CO We WO ZO WOO>— « Or e 
za ND Aw es me etJWe ect NW *MZZTeeE 09 Ww 8 
<I asNO 2Zz x~t WOMZOwn WIOoOSszS —O O NA 9 
LYS qeHte OZOwecorOZ rT AODeWIdI NZ 9 

cw Ew YEO sar o~nzZzoO hw ade War 4 =aj}cae e 
LW Ww D* ww LEO MWe NTITIZw Watou wo = e 
Oo ~XY COXOL =I NOY OF OTL <t ==) NZ ® 
Ww CoQ WaeNLe Oi a = a ae OnjnnmaeYe WN — 2 e 
-_ Ne Om = WODT OeaeTLZwo WoOs Om ® 
a —~ CZWW WDOZ2Z OWweYrRASeL SOWUOZ eKoeWw 2 ~ e 
=~ JI WS Henze Na I - MZAIDaAaATr O oat e 
whe =F SF Oe WeONWOWYO —- = Ow ° 

= ~ WeEzZ mY eX NUP ZNNZLWeE LY Vor loon rede ° 
Ww ere =WYH W =OZW =O WSO OWWe We WOO ©) ez e 
a ~ aAYIM ee-TrYam Orn OF WMNMD WwZvoren 2 WI Ww e 
=O th OLE WIL tS ew LL LL aye =) = 9 e 

<< = CuUHOZqaI NID ZWD OFWOdMYOYOTtke KF WwW e 
<x Oa FImr-O DZ =n Wawa Wu AOU = Ww cv e 

Y) =i WwW Dede ZWNY KH Oke DZ -UNOOW We >m oO = W e 
iJ cee Clepaten CY 2) =e) CISL Sse YO) KOdtyY YTCOWOd PES Om e 
© D> OrFWLTON>-WerO OSWNO eZ ODreZz axrO <a = = e 
==) Se NNweWwer= oO SCxnasIODNO OO mw (x2 ND e 
Qa a2 2A> OOkeeWwZ? OWOO One WETZeIOMW WN wa e 
O Zq OODx<D 2Z2Wia De SES KON KSIOZUWN W w e 
w CK RMU Zeanatwoder¢ Y Sod ane Oates! FB = ° 
a ~ MNNOAYYWWTNZISeae Cae) e 
=) Oo. | 1 \ NINDONW BO OWLetew Fw wo e 

Qa s+ = eal, SMe HWS ZWwooOovw> aO>O DZ OAOt=2Zz e 
Zz Wt wrx > LL CLCKWIItwWwreDOWeLoywer oO DOOad ® 
IT OW On = > DENNY SORE NUNOmIILOO rz Lo” e 
<q Y = oc — e 

Y LJ Ww <> Ww e 

= OQ a “ = e 

e 

e 

e 


YOU QUUUUOUOUUUU UU UUUU OU OU UUU OU OU UUUUOUOOU UO ULUO U 


35 


Ooo00000 


STINOM ONO 
LAU LALA LALA SO 
AQ\Yeve(eeaye) 
a ggg ge ge ge 
aqddcaa 
Cexrrrcrr 

J 

ce 

> 

o~ 

> 

-_— 

oo 

x< o 
= w= | 

ae > Ww 
=) - ~ 
© fore 
ae Oo 0 

<< eo Oo 

fad oOo uv 
OOsr O 
Wim em + 
anuoy e 

mL Met =f 
monn 


wail 
DH menus 
OK > ee > 
Lit tote If || 
OoOw~ ll JSreO 
Deb La 
S) peed Pt tet = D> OE LL 


WVO 


136 





» 
ie 
Xx: 


eee BR 


Be 


a- 


HedaeeeN tS ee 


> 
v 


A 
bd 


od 
e 


ma 


eee 


Sapte 
TES Sos 


RB ART RR? 


> 


Hol HEPES RSET ERE, CLES S 


100K 


pat 
as 


aceteaiaey see ele cree ep eee Se 


De 


o> 


AMAR RE TM SE OTS TETEEA TAT CTH TAT RS TREE 


“2 


APPENDIX C 


Y 


3,+REGION.GO 


-y 


e 
wen 


Soe 


tf 


1 


£ 


aed 


oR he 


PROGRAM 


ost 


TCLGPsTIME.GO 


cw 

xc ww wo 

wre Tt Ke<d 
~OZS2 tf-ODWwo 
Reeve FoOazlw 
—OFFWO 2 “mM 
AID TeZ0owo 
Za Ocdt+-O2ZOaaO 
Ww @w — Or 
OK NNNAOU>wYH 
XD COtOWM 
wand nO saC 
TZ awMnrond ce 
het © me ee ot 

NOLDeerwT eo 
WOesFO woe 
2 < Qe ff 
aq<onon D NWF 
= wZaeOow da 
OnwM<({= Zu © 
awsZ> caOrDOe 
CIO WHEW Sw 
WOONnNWMNTDWe. 
et SDR UOOU FF 
ZeW JOoOrZaZlu e 
— Pieter TOMnOe 
mF O> mADY MH 
Oo a GF WN ww 
Rat Ye i UDO 

OoDndD good 
OO AAARAFrF <i 
wWrodaetoe 2b4>a 
Zaire HNN 
Ow Tw LU LY 
mk Cw Drea LloO 
Y =< JDWeE ew 
WME <(AMm <a 
ODTWD $-SeZ2ZONO 
ENC Dre wsDZz 
YN NAORrA Zeid 
Sz aQ{QnONDNcYr >kF 
OADOZNOFUAWM 
SAY NWnOUW wZHowz 
Tue Tow ao Oo 
C aq{FZrF WO Ww 
OOrOD www ar 
OWFes ITY enero 
Cae Ieee Le 
Cm tL Dare Zz 
ATTSSZ eQwoewm 
Ce OF OM iw > << 
wore Voi TYOoOwCo 
FOMS>rFO YD OW 
=) OIOH+OMm & 
ANULYvOONALTeEe St 
=qouada cou < 
Oo OuUwSaIseZ2 
ONnWANwe-OOt awe 
Wo IL Ler oO 
NDA YWOW Otho 
ei IUOOWZ wo <I 
Tet NWN LeYrZow 
Rot djOfD Sr ae 


IN THE ORDER IN 
ecoe FORMAT 1d 


LOW SHCCK WAVE ANGLES 
DENS TTY 1S 2 GAD IN 


ND LOWER 
HE DENSI 


CARD leee 


© 
kr O 
Mu 
Ne 


<q 
eos 
Ibo 
Odo 
rt LL 
nm WM ° 
Ii; Oe 
Mu 2 e 
Seu 
Lr wo 
OgqwWi4y 
Via o> 
(Bl) = 
UW ot 
eu ~ LL 
Oi 
ty eOODrR 
Zo ey 
= 
— 


QO 


e2Z 
<> 
~x aa 


E 
L 


Fe LL 


CARDS 2°70 5 
CARD 6 


137 


PR2QeAGR TH: 34 
12 T2010 


a 
we 


L+A22T+A32T 
T229+A1 


all 
1 

Alt 
A10: 


Ae il + 


RHO(28) »WI1(28),RHOP(28),DELY(28),8(30); 


CIN e Curved» 
weer TK of 
KOO *O0:' 
eDa e<ti~ 
m—O Net<I oct 
CAO~= ont 
Oed «eOAcay 
eHmatOcd es WY 
wo poe eer espe. SO 
KOWY NIE SN 


DOCB=BLKSIZE=1 33 


Zar ede 
OOK OT «+7 


aor o& Nw 
QO N—COOc:s o 
@ 2ZOS ee «OS 


LL iw J ek ill oe 
Oe Se ied tive 
QW OW iWwWil~ ine I 
e>OAONYvwwe>aaAadr 
LlWYy ea = 


nn 


— 


—h 


rN 
i i a 
e © ef 
Oo Nex © ° e e 
COCO wou N + + N 
aH fond Daeg wt ~ ~ ~ ~ 
: ows ial a N N N wy ed ot = 
-—— oe °@ -— —) cc a a a ao a oc 
ALI LU @ ont et wu —) = al = =| =) — 
bana bt OONN a Q Ww uw wi Ww uw uw uw 
e 00.0 aA OO + oO Oo Oo Q OQ Q oO 
PO Gas SN ee eu: ~ + + eo + + + + 
*CO—Or o amesOin aco om - -_-—- a= = = — ie 
DHD Aor NNAY © =~ ! \ = iNet MAM Nom 
NON OM SDD mem mem mre I In Cea mM | (0 «] O10 I OO «-] 
Ow SZ WI De ee YO OY HM 0 em 0eCood eo Nw Ot KR Ou Ot wwe Pe Ot OK Ow 
eee NSCS | Pte eORHANOMO I eNTt —NK eI KCK eM KOM SX II OX 
0. 0O~—aaCLOooGw~wn ew LI oe HKG Il ox UT MN Het KIN 
LNT NS Il bk 0 eo ce oi WN MN KN thet Ome I Tre UW Pcl fi i Octo Il it CO 
WDIN SE Le SAR AHA Ne NO Oe CNN ORR eR mm eS ORM N RK 
Own Dm NINN eee KKH OOH HN He eM LEMNOS Pm sre nnne | — 00M | 
Ti omwunnw nnn hsgoyeC tO Re SH OR ewe OR HOw HOw eH Oe 


WD Wt YOUN OF Wu WT KOK ~~ OX IN KS OO I OK OX I KO II 
LOINNE AKA YAYYOOOOOCCrYrAOMIxXKOMI UK a KOIMKON KOMIK AKON 


oa N oa + 
- om wn 


138 


- 

x< 

2 x< 

x< 

x< 

x< 

x< 

x< 

x< 

x< 

x< 

x< 

x< 

-~ x< 

~ ~< 

— = >< — 
w — x< ~ 

wd a x< NO 
— x< x< So 
_ e x< “NN 
a x x< e ~ 
o ond x< —~ ~ 
co < > 4 — oo 
yY) o x< — = 
= Oo ~< OG ew 
wm mo x< rT ~ 
oe << x< a oO 
> O ~ > 4 <f 22 
= 0’ ml x< co a? 
iw <t oO x< ~ 
~ a @ o x< Oon-x< 
(oe mJ N ec x< rHAUVO) 
oOo — - & ~ " < ~ eri 
re =_ ht sa x< “Ce 
ecwn m< u ma x< mee 
oe = —— = ee pel x< =a = 
—_ © Ow ~~ HE x< — ors 
= | = oO Te _— =~ A x< aAax~- 
ee ae — Oe x< <O>»: 
O w oO <«mM ~ Tre x< ° ete 
Se oe tO << oO avi x< eee 
a ~ Oe rc <e x< >< UV>. 
Co wy OCcay+ a ~ oe < © ef) 
x< N @ Oe mec o ey me, x< HO ~-i 
~ a eo _— & -_ —~ rt >< eet «~ 
oO a ww <=—ODM ~~ —~— < ewe 
x GO mM oy 0 ~- AO ox a) 
in - wo Se <<  < - x<e 
e —7+ ™ QO e—OOW cS ~~ < “D & 
i ae +h-roct mud Ox >< >< 
N ~w mom IO ~ — — Ox m U\ &u\ 
— ©§ @ 0 o Cavte 0 et << oe 
Oo Nn Oo QO NI ~kre < mem mime oe KM LIM NN 
—~ N AION Ww eO ort CON ee © HONONM= eK en ern orn 
HO CA MNNULO —~-ON Nem en> COC FECTS CAIKMNN ON KN 
— ert OCF ene Oaun ce HaQAA ss Il HWtu ene nweeOD of LUNULNAYNS 
DN Be REANIM SUI OR ODS AN I Hee RH Rew ee SS NW EEE REE EE EE 


Wm ™ OIE Dw ewe we we OO OM MLO AQ Ow We ect cto 
—~DO—KHIESSSOMNOONNMOMNMOWNINC®—H Has wKSE OF, CKRKEEEREREFE OSS SS 22220 
NN wee Vedi inner rorsmoese Se we YT Loe Renderer 
wer QML ODOANMOTOOMFONHAMILAOnW UOCMOCOewAreae ww OOCOOOOOCOF- 
<KXOSOSZUUUKCKI I dddddadefOxKxO™mM SsuD S SS ESR ORULUULEULY 


om Wd et om SFOMS STS 
wr 


So 





G0Ec ° 
Lets * 


COec © 
eee. 


So76- 
880E ° 


VLSc* 


Sfte 


orc. 
7 IOC a 


64LcFf 


€SO0¢E° 


COEe 
cO8c® 


806c° 


HOG. 


796c° 
1992° 


ESOE ® 
S7Lc4 


B80E ® 
687 * 


BLL eG. 
yLiS2* 


Tete= 
00EC ° 


ILze° 
eseze 


HHAON 
MAIO 
GNAS 
NOMe 

eeeod 


aecuw 
OMAN 
ANMOL 
NOOO et 
eeoe8 


Ov 
oa 


Oo 
oO 
0 


om Oor 
eo 
eceo$e 


enmam 
NAHOORM NOAM 
NDOOO NONCI® 
ANM 
e©e0e°o 


4930 VLVO aldWvSs V 


QN3 


Oo 
DGD ANNOY 


er NNS 
eNAIMON o 


OWOEsAt0 OOrin®d 
OUUOUN 0 @ 0 oriN 0 0 © Of) 


CLAM 4 
NAOON 


140 


att 


€e gt 

e sb 

OS 

te ! 

ae 86> 

G 

tf & 

€, si © 

<2 «a e ° Zz 

<< cS -O _ 

ge & eo @ al WH 

gp} > MWD e Pe Cal o 

>  <h e TOs reOcwW _ 

<a <> —HOrU eD Not we © 

Se WZ 7 ox WE OW x 

se & Z2@aIuw MoO MUNA ZTZ ~ 

$e & Wee te jAoatOn am 

ei oe OW F2ZO Tu WY 

a sh oN <r-O > Wu ~ es 

qo WN Ww Olea -~ < 

SR SA. Zr AQCOWE Wie Ik oO = 

SS F-ZOD e eZ rc - & rm oO 

& & WnNOMNH ro Zw ~ <{ 

a tt WWI = & Z emO oO = 

Sb g:} ez TOC2aO Orn «x o ~N 

fb fb <I-tur eO -O0Or-O -~ < 

i 2t WZ NLO C22 eo co 

Toe Gr CIM et wth OOadaw o - 

qPOW Oo FSU ZOO Za — <a 

cn LNDAX oY =O ee > “mo 

<> OG WxKODAXKO QOdqtr =5 2: 

a> dy RWW WW Z owZz VY) wr: 

“oy tae Z0MD NOr oOo Da a ol 

f & mE DOGASa AaauMd - Os: 

se ot DNL DD Mus OQ - “> 

eV aS CIC) WO FSNZ SZ te) w<t 

<> = te 2D= <1 CHOOT Q ea = + 

gb 4 lee) (Ses) sla eCoO a o~ <InN 

Ce CIO ZOw O W<le + <:. 

ey wood a OF aor 1 Oo ws - 

ge i ao ae aia ec orm ~~ 

coe O rnMOo We Or eo oO <a ME OD “s 

Po 4s HY INI LY Wi WL & oe HNO ~~ 

é> oh NOITSORKW =e Cx) z= >~<In ~ 

oo sy WWi<toO Ww D aJa2ZwWwor Owes J+ « tn 

3% at A OO KF We Im TZU — We oO e 

qe eh m™ Od>ad > rd ©O ~~ ~O% « © 

OO>F -FA> OQ Ww Ut me ee a om 
a gt bt > > of am == ac a« LL sf 
co ae Wk Neat ereHOw - «Oe Oe oo - 
aren ZOWOsZOr — LOO WW ant a4 | or ie 
BANS dIvwZzanw oct MNQa Due th srodd e« nwa uN 
& Crqor Zona zZzewn QO —emst & I! 0 — J =e, 
$3 Onodoow = wt = O OT RHeen ~rw - 
fp BX Om Wow -& OC ei Wires ee WaA—SeEN ~aAa -~ 
a <{ot er na TuUD CcCorx< Ww eer eee —e + =. 
ats? AZ UrF-OaO ge ke SS aKa HCyon ht tom ~ 
€ OSs — WO = Mu — t+O~ado sy oO 
6 ONS Cf ZZ une © WH #DUC Ri INL & oN OH~ acu 
en WZORwWOe oaSo Sez . 26S M~— 1 — 0 
sp O<3 RKlWe—ti Zu e Todt mo Q <«Or-datke NOKNLT +r Oo 
DFerDDMWO <a NORM OO Ore Ww eHOnN aa 
Say Ae tO ows ke Or teat AODZALEOANWM eN On I ano OW 
s acct ZOIXYToDwe tt einrru OO Oe ILKONA en © 0 0 6 OH 
& WIGS O OM>3I4C¢W A tI olrme eo eX hut Om st SANM TH ow 
wks OnaAaD aown Ord Oe CLZNODOAWARHY~—er + of NHN eink 
> Dd Wen >Z - nuOdwe Oe 2uy-2eQ Ar WetYCrann— ~< 
& AS OrNw D wet D IE Zen LOW Jj Se ONES NK ANOINOS 
& Zs Sere STOW OF 4 0 te FT >StateqZHy Soe SOT 
$3 O88 IaqZ2oZ2zT2q 2 cqrOWuUa OMWeKeaIWWOAaTWOCOoOLTKwSs = zSZTOwo 
$3 Ogd RoR Ree oe Wu OOe W eOdeweawruU Od OOzuaA doa agaoOocu 
@ eet 

eS <> wa 

eee O oO © 
we  % LL om - 


> ~N 
OVUOOOVOOOUOU YO OO OOO UOOUU0 OO OUUOON™N 


a 


141 


uw 
J 
ke 
> 
-_ ~- 
~ ~ 
mM ~ 
Y ~ 
~ ~ 
mm o 
- > 
> - 
ead Poel 
Uy Y 
oO = 
~ iw 
~ oO - ~ 
~ —a ro =) 
~~ -~—-Od *« — 
- Fa} Ww = = e 
wy on om o <—I—p- e 
e aaa Ss - <a" e e 
© | 9 am UY e 
ce 41414 (H) oO Foe e 
uw elem len! ° 4 z TOuw e 
Ca on em & mw o@ 
- ees els MM ex<X= ~~ 
i) Art <T oO I-—C— oO 
ma MHF o <I e734 tw 
x< — wer ee (1) = N~— aF+ QO 
me Ofte { > Isr — 
x< & ads eo ~ eI o™ <q 
Ix wey x< Aadtu\~ ~ 
maxX — oO qt ws a 
~~ eID Ome -_- Own ct oO 
OnWAOOOOC ON WZO ect 
TNO OG AO uN e@ eDNXKH ad 
ON bet eee 6+ J eX AL etlLL este ii <q 
Ow est HW HOON OO KOS HH I Om HD oO 
we KW ewer INO Sw OO Owe Ht = 
Wt Wi eww wii eo DWI a 
RS WOR RE OOM OF SZ ~— II Ne RE Se > 
Oe wrest SEO SE OOOOCO 


COKOaLACSCTANMNSKCOTIOCCYORKIOr2Z 


SudqoOsssetzordadatstu door suqyonw a 


Oo - 
~ 


oO ) 
uy NN 


142 


NF DD SALEM HOLA OO pe o™~ 


—~— NRDOONMHAAGNAMNDiNS ® 
—~ HERR OWMMDOFoPNOMF-OO®D 
N OMMMAMOAMMOMOAINNaARAINNINAN 
~ coweo3o woo c oe eee 0 eo 8 8 
QD MAMAN MNMOAMMAMMMAM MAMeAmameo 
= 
o~ 
Ss 
~~ NDONDOKMNDOKROLOMNAE MW 
WO OOMNMNOCOAMAOKRMOE ORDO 
—-— DODOMNMADNA NORANR 
tl 000 DOOD OMLWUIS SFFOD OO 
Liu e@ecoeecoeoeeeov0e0Ve cee © © @ @ 
OO NNNANNNNNNANNN RNA 
<_— 
a. 
Y 
QO TOOr ONMONE SOP OMNONWNAAN 
Q DOWN YOCHAT STNG STU AAow 


OSES VNADOMECH MONON AetADO 
ADINADXAXAO ODOC OPE MOA 
eeoee5uve5v5aveeeeoeeee 0 @ @ G 
3 AAA AA AAA AAA AAA 
(Lz 
Ore 
OW 
> 
ILWI AIS SSH DOMINANT OU SOMO 
© CLATNNURORCOTEE NGM 
OQOONNNAOM ENO hMPV BOP DTeAYU 
C9D(D OOOO IND SPST MVNOOWY 
~™~™ 0@ e@ 60 ee eo eee Oe eo Ol le 


Q 


OUWONN tas AAs ANA sae 


OQNASOADMOAUM ME SHAN ADS HE SOND H TT MAH SOVDANASIAME MANOR MeN 
NINO 6S OF WOOK COOKER OAGSNAM IMA NOM THM NDNMWNG MNMODOSONSOORNS 
GI OS AON AE COINMSMNMNNE MAD OME AOCDOMYENMNNYEMNOINEDWOMNEDANMM 
NNNNN SRA RONDMODOODOODCADAMOOOR ERR RRR RRR MANMMOMO SES 
C®oeoeeaeetcedecoeoedcseescstcoeeteeoocoeetvuocvceeveeevseeeeeveeoeeteoee Foo Ge eG © @ 
AMMA MOM MAM MAM MMM MMMM MM NNN ANNAN AAAI NAAN INRIA AICI 


= es 
WOOD SLINM IN OO SAO SPAR ASA SFNUNDOCMHOGIEE OF ODS SFTORAOCMNMAMEOS 
NASOPOINASH SIRF OCOCMOOME UE WIE IE HO APF MOD DNA MANMS OOO 
ANDOMNOM MARS NMOS SFE ONAOMSADANMNAOKNGAADA CMADOCAMNDOMOM 
OUD VV ALY SEO SS SS SSE MOM O At OR IONUIN NN St FO MNAAAAAAAMD 
ecoeeoeoecdcedceeeocoeeceereoeoecseeeseeNete eee e806 & 60 © 606 & 6 © 8 GC CG ® 
NNNNNNANNNRINANNNN ONION SIN NNNNNNNNN NN St Stade 


oc 
FORDMKNOME VUARMDNDONODNNOSNADPSRANUNDODDODMSEHKMOPOEMNSAMEOFr 
OADM TH HOOCOTPOARDOTVUNODOSOMNS Sa OOTODONDIAGMH UFDNOUARAMM AY 
DINAMO SF AODFOCDAOREMNMADMNNDNDO CEE OFNOD OMMCANMMOMMOANA® 
C000 CO CO COR PP OF DODDOLEEEEHODOF CO © eDDDODDDOOM NNDN MMM MINA 
@eeeeeeseeeet ee eeeeeerteeeeeete eOeti=z eee ee ee oellckehlcemlUlcOOmUcCOC CL }OCLCCULcCOUch8hmhUMOHUO CO 
SsnaiasaseaasAasastsASSassS SAseSS SAS stad Sse SS aA A AA See 


~o 
AAOMNNDO SOMADNASR OSPR DOFMNnNSEHRMOBKOOMBOANMNEONDDDASENAMSOCOS 
OTOONE NORD NIG OS ANALAS MAO SRE OF MNMOMAINE ADE SMOMK MO ATMODOD 
MUM ODOM MO SHAM MOON SOOTAUDM SO FPS TOATOINE DOF N DGOFMWOOM OMFS 
VLA OVA SSF FO NMA DAW WAFS TOM MOMS oC OT HSFTICSEMMOMDMOAMMMNOHMAMMAMAMMAMAY 
e©@e@eoco3eeceoeooecee oe em oemlececClcemhmlUlcOClUUOUlceOCleétlcOl Ol kal Oreste WC oOCcehlCUOOC HOU COCO OO 88 8ooOleOhlUlUcOUCOUCOOUhHLhUCS} hUO 
Seana ssa Nst Sse Ss SSS SASS ANS Seq qq Ase N SASS sa Ae 


143 


COR DMO SOF SHAD OHMOMN HONS HAN OPAMAINOME DAC OAT ANAMININ WO $F <P Head 
ANAT DODOAMNDMNWOMMNT DOE AMMAMNTHDEODOSMDOTHoGSGODOEMODMEOAND ECO 
ON ANNO Sl AWE OOS AAADOAMOMOONMNSFMOMSFONANE MODOC GODROMIAMAS YO 
SFTSEMONOIHWOO DS Ag GAAAMONEEEDDTODDDDOSY OVDVEFFROWODWWOSTYSO 
@eoov OC O8HFC OC HeHeTBTCHEKCeEeHKReKGseveeergegeseodeseoqogeegeesvseedresd@eegeeevertdodoeseseoe o Oo 
NNN ASARANNANNNAN NN Sa Sasa snl sed staan tate SN St SAS 


NWOMAASFEOMOSFOOM NOOR FOHARHMNNE DMONFHOANEC NOUWIOR AIAN 
ANDO DNOWSF OD SF FOE MMSGMOND SOKFHOSUNNOME DO OG NOWEMOOONDOOrEG 
TFNSOCANEDONMDSPTTONNADOONMNOREE ONT NOR OODCKRENYSNOP UI O 
DO OWO ODOR RRR RR EE OWN SMW MUA VEAL DD 0 FOS SS SESE STI MOM S 
eo oeoeoce@e#ee?eeoeoeeegege0oeeee@ee#egeeskeegecee#dtgeee#eeeeseegeeeeeovnee@e@806hemhmhUcOhlUcCmhUcCOhmhUCUCchWUC FO CUO 
Sasaqantesqsqaeqagst asta ssa ssa Ss aes sees amin sen AeA Sess ae 


DON NATDOAVAMOANOAANLONMMINGCHYMNANOSOODANES COWNODMNOSHRFNAANS 
MENMOMOMMNSENNOM SAO NNR DOMNP-AODSDAOINSCDANAOCMIO OFOUMCOMNT 
MIM AODDANNN SAOQOM WMO AN MOF FON ANOMmMS OK KNOOID OP OWMADSH OD 
SSSR MOS SFSHPFPHTFOMMOMGSOAMMAMAMMAMMOAMAMMOAUNN DUN MMOANNANNNNNAAAAN 
@®ee @GeeteteeteeteeeeeeemcUemUCcCOCcCOOCO CeevnewvmremUCMOCCU HC OCUC HOU 1C FC HO OHOUCOHCUCOUC OrChUCchOCCOOCUcCOCmhUchLmhUMCOmhUCUcCOhlUcHmMUCUhHhCUF} 
Ss—aseasqaqaqgqaqstsdtseaatsqeaetstqestasaest esses asasesaea NrieiagaatanAasaSs an AN Ae 


uy 
PAM MSAMOMOD PONDS OEMIDDAMmM SNE NVANE DODOANOWM FUDANMEONST HASH 
OSFNAODNRNMONNANARNOAIONDME NOC NOOMNNDAORNVE SAC HODNKHANMOEM 
AND TOA ATOOD VDOLTNOGFWUMMOUIYONARDWDO DMT MMMGMOAN ANDO LM—~AM © 
NQNAINANSNNNMOMOM SANNA NLIAN NAAN NNN Neasetet OCC NNNNAN Ot ermine NA 
eeoeeevoceeeoeoeeoeoeseeoeeveaeevoeeeoenee ee ee 1 HOO OO Ort oO e808 oe Oe 
ssa nlesgasandtetsetstess sage Aaa eet seas NietAdasASs AAS SANA 


144 


DO MOINFANDOS OMAD ONS NOM At amwan 
DO SRM OR MD OD HD WO DOIN MUO &  P- NOOS 
MMR ONE OID MASSE SEMNODOMSKMN 
OO OO OO WO OD UDVDVID FIALD AAD DOD SS SS OCT CO 
®eetdcedodvosvsdoee0edce@®eedve0n1see?sgsees%tcgs0oe80 @ 
ASSAM AANNNNNNANANNNN Nea 


Near AMNMECOD OADMAMSRAMNAMMOR 
DOSFRHRONDOMNANMONHACSHKCHONMOND 
DOOOISMNVODOMOE SESE MOMAHCONMOM MO 
SST S SST MMMOOSCKCOCSTOO ONS DOYS 
#eooe0@eoee¢4ee*dqeoescseoe0oe@eeoe99oc0:e@eem60@6mUh)MWUDUChTCUcUO8WUcOOmUCOHmUCUC}H CUO 
San snes Asas ANNAN NNN Ss SS ase 


co 
DWODMNARWDWOAMN OCOCrORAIPE OSMOMMAMMOA 
NONE MAMAS COCONNYASR OF OC UOMO 
OOOOrMmONMNCE DODO ONMAGH +NOCO 
AQNNNAN NAINA SA AININO MWD LASS ASM oe 
ee@ee5e50e04a#e0o0ee3eoeVeee3evseeeteee © © 8 & © © Os 
SstsetatesteaisteaeesAa AVS asa sts aS 


wr 
UTFNODMNAODODARODASITROOTMOMLTOR 
ANIM DODAONDUWMWNOMONE OE CAMS MOAAWN 
MOON NAS OF OSNDOCSCHDOMNM SD WAS 
NNNNNN Sdn diH TT SCOMMOMOMONNNAA e 
eeaoeceoeecoV#eogoeenrseeee te © Ge 8 8 @e ON 
SstHeetstastas sess NttA ssa ss Sain aS 


145 


BIBLIOGRAPHY 


pemimmneer, 4. O,, Wuerker, R. F., and Brooks, R. F., 
"Holographic Interferometry," Journal of Applied 
Physics, Vol. 37, No. 2, pp. 642-649, February 1966. 

BEro@icas ih. M., Heflinger, L.O., and Wuerker, R. F., 
"QA9-Pulsed Laser Holograms," IEFF Journal of Quantum 


Mleetronmics, Vol. EQ-2, No. 8, pp. 275-299, August 
1966. 


Mavulka, KR. D., “The Application of Holographic Inter- 
ferometry to the Determination of Asymmetric Three- 
dimensional Density Fields in Free Jet Flow,", 

PhD Thesis, Naval Postgraduate School, June 1970. 


Maldanado, C. D., Caron, A. P., and Olsen, H. N., "New 
Method for Obtaining Fmission Coefficients from 
Emitted Spectral Intensities. Part I - Circularly 
Dymmetrie Light Sources,” Jcurnal of the Ontical 


Society of America, Vol. 55, No. 10, pp. 1247-1254, 
Octover 1965. 


Wetdanado, C. D., and Olsen, F. N., “New Method for 
Obtaining Emission Coefficients from Emitted Spectral 
Intensities. Part II - Asymmetric Sources," Journal 
Gumune Optical Society of America, Vol. 56, No. 10, 
pp. 1305-1312, October 1966. 


ones, D. J., "Tables of Inviscid Supersonic Flow About 
Circular Cones at Incidence, Part I and II," Advisory 
Group for AeroSpace Research and Development, Novem-—- 
ber 1969. 


Liepmann, H. W., and Roshko, A., "Elements of Gas Dyna- 
Teo VO l65, John Walley and sons, Inc., 1957. 


Oisenawn. N., Maldanado, ©. D., and Duckworth, G. D., 
"A Numerical Method for Obtaining Internal Emission 
Coefficients from Externally Measured Spectral 
Intensities of Asymmetric Plasmas," Journal of Quantum 


See ee and Radiation Transfer, Vol. 8, pp. 
oso, 1900. 


Olesen. N., Maldanado, C. D., Duckworth, G. D., and 
Cerom, 8. P., “Investigation of the Interaction of an 
External Magnetic Field with an Flectric Arc," Aero- 
Space Research Laboratories Report ARL66-0016, 
January, 1966. 


146 


Ge 


La 


2, 


LSE 


14. 


aD 


6 


ey 


dO 


Sullivan, J. B., "An Investigation of Three-Dimension- 
ality in Holographic Interferometry," Masters Thesis, 


Naval Postgraduate School, 1968. 


Dopulkae ho Des and Collins, D. J., "The Application of 
Holographic Interferometry to the Determination of 


Asymmetric Three-Dimensional Density Field in Free 


Jet Flow." 


Taylor, G. I., and Maccoll, J. W., "The Air Pressure on 


a Cone Moving at High Speed," Proceedings of the 
moyelmoociety, London, Series A, Vol. 139, 1933. 


prene en. H., On Supersonic Slow Past a Slightly 


Yawing Cone," Journal of Mathematics and Physics, 


WOl. 27, LOU. 


Svatisof the Computing Section of Analysis (under the 
@irection of Zdenek Kopal). 





"Tables of Supersonic 


Flow Around Cones," Technical Report No. 1, NOrd 


Contract No. 9169, M.I 


eel Oley. 


staff of the Computing Section, Centre of Analysis 


(under the direction of Zdenek Kopal), "Tables of 


Supersonic Flow Around Yawing Cones," Technical 


Hepecuelo. 3, NOrd Contract No. 9169, M.1.T., 1949. 


staff of the Computing Section (under the direction 
of Zdenek Kopal), "Tables of Supersonic Flow Around 


Cones of Large Yaw," NOrd Contract No. 8555 and 


9169, M.I.T., 1949, 


Wones.9). J., ‘Numerical Solutions of the Supersonic 
Flow Field for Conical Bodies in a Supersonic Streamn,' 
National Research Council of Canada National Aero- 
nautical Establishment, Aeronautical Report LR-507, 


1968. 


feogenmpure R., Van Voorhis, C.9C.5 and Winckler, J. 


“incerterometric Study of Supersonic Phenomena - Part 
ii," NAVORD Report 93-46, September, 1946. 


147 


a) 


! 


PITAL DISTRIBUTION List 


No. 


Defense Documentation Center 
Cameron Station 
Alexandria, Virginia 22314 


Library, Code 0212 
Naval Postgraduate School 
Monterey, California 93940 


meowessor D. J. Collins 
Department of Aeronautics 
Naval Postgraduate School 
Monterey, California 93940 


memhe. C. Jagota, I.N. 
mmeimeer Officer 

ieetieoe  trishul" 

c/o Fleet Mail Office 
Bombay, India 


148 


Copies 





UNCLASSIFIED 
Secunty Classification 


DOCUMENT CONTROL DATA- R&D 


(Security classification of title, body of abstract and indexing annotation must be entered when the overall report is classified) 
BRIGINATING ACTIVITY (Corporate author) 2a. REFORT SECURITY CLASSIFICATION 
Naval Postgraduate School Unclassified 
2b. GROUP 


Monterey, California 93940 
REPORT TITLE 


THE APPLICATION OF HOLOGRAPHIC INTERFEROMETRY TO THE DETERMINATION 
OF THE FLOW FIELD AROUND A RIGHT CIRCULAR CONE AT ANGLE OF ATTACK 


DESCRIPTIVE NOTES (Type of report and inclusive dates) 


Aeronautical Engineer's Thesis 


AUTHOR(S) (First name, middie initial, last name) 


Ravi Chandar Jagota, Lieutenant Commander, Indian Navy 


REPORT OATE Ja. TOTAL NO. OF PAGES 7b. NO. OF REFS 
December 1970 150 18 


9a. ORIGINATOR’S REPORT NUMBER(S) 


. CONTRACT OR GRANT NO. 


» PROJECT NO. 





9b. OTHER REPORT NO(S) (Any other numbers that may be assigned 
this report) 





4. 


5. DISTRIBUTION STATEMENT 
elhis document has been approved for public release and sale; 
its distribution is unlimited. 


I 
1. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY 


Naval Postgraduate School 


Monterey, California 93940 





3. ABSTRACT 


The successful application of holography to the study Of 
three dimensional flow fields due to phase objects has been 
reported in the literature. The present report extends this 
techniaue to the study of density fields around opaque 
bodies as would normally be encountered in wind tunnel 
experiments. The density field around a 10 degree half-angle 
cone at zero and ten degree angle of attack has been inves- 
tigated in the Naval Postgraduate School supersonic wind 
tunnel. In these experiments, the finite fringe method 
Bemethe production of interferograms has, for the harse 
time, been applied to holographic interferometry. The density 
field obtained from the reduction of the interferograms was 
found to agree with that obtained from an analytical solu- 
tion of the governing equations as reported by D. Jd. Jones 
in Reference 1. The computer program used for the reduction 
of the interferograms has been evaluated for the effect Ot 
the presence of the cone and the shock wave and has been 
found to yield stable and accurate resulisr. 


FORM (PAGE 1) 
BD 14/3 UNCLASSIFIED 
S/N 0101-807-6811 149 Security Classification Le S1eon 


UNCLASSIFIED 


Security Classification 


KEY wORODOS 


HOLOGRAPHY 
FLOW VISUALIZATION 
CONICAL FLOW 


DD £2"",.1473 (Back) UNCLASSIFIFD 


S/N 0101-807-6821 150 Security Classification A-31409 














Sue view? 1 19944 


i ~ 
re 2 08 54 





Se eed 


Thesis 195861 





J239 Jagota 
Ca The application of 


helographic inter- 
ferometry to the 
determination of the 
flow field around a 
right circular cone 
at angle of attack. 





The application of holographic interfer 


TM if 


DUDLEY KNOX LIBRARY 


p 7 





